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THE PETROGRAPHY 
OF THE MINERALISED DYKES 
0 F W. S C 0 T L A N D 
by 
M.J'. Gallagher 
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- frontis:-'i~ce 
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Uarbh Bheinn (2,03 ft . ) , coverer1 by cloud on the extl'eme ri._ht . 
ABSTRACT 
The epigenetic lead-zinc-barium-strontium mineralisation of the 
Loch Sunart area of Argyllshire has taken place along channels 
provided by dykes and faults. Dolerite and lamprophyre dykes of 
Permo-Carboniferous age constitute the most important structural 
controls. These were intruded along lines of displacement some 
of which were initiated before and some after the intrusion of the 
Strontian Caledonian Granitic Complex. The re-opening of certain 
faults after dyke intrusion and prior to mineralisation was connected 
with movements of probable Permian age. 
The dykes qre stro~gly altered at mineral vein contacts. 
Mafic minerals have been replaced by chlorites, serpentines and 
carbonates, plagioclases severely albitised, magnetite-ilmenfi:te 
grains converted to leucoxene and rock textures disintegrated. 
In rare cases, potash feldspar and iron-magnesian carbonates have 
been formed. nurmng mineralisation, iron, magnesium and sodium 
have been lost to the mineralising fluids and carbon-dioxide, 
potassium, sulphur and sometimes calcium, bariurn and water gained 
by the dyke-rocks. comparative data for mineralised aykes from 
Lanarkshire, Linlithgowshire and Shropshire have been collected. 
The important Blaclccraig Vein dyke (Kircudbrightshire) is not 
significantly mineralised. 
In the geological history of the Loch Sunart area, numerous 
lamprophyre sheets, hornblendic schist bands and amphibolites were 
formed within the Moine Basement Complex before the emplacement of 
the strontian Granite. Small numbers of minette, spessartite, 
vogesite, kersantite end felsite dykes are of post-Granite, 
(probably nevonia_n.) age. Later abundant W.N. w. trending dykes, 
often mineralised, are considered to be connected with Carboniferous 
and Permian volcanicity. Among them are broad quartz-dolerite 
intrusives which have thermally altered the adjacent co~Ultry-rocks 
to a marked degree. Narrow dykes of normal dolerite, olivine-
dolerite and hornblende-bearing olivine-dolerite display a complete 
petrographical gradation into ca:rn;ptonite through ca:rn;ptonitic dolerite. 
They are, however, of an earlier age than members of the w. Highland 
camptonite-monchiquite swarm. The differentiation of camptonite 
from olivine-basalt magma is suggested. 
lrnnprophyres is also discussed. 
The classification of the 
A detailed study of harmotome from the Strontian Mines has been 
made. North-south trending dykes of quartz-dolerite, normal 
dolerite and olivine-dolerite cut through the mineral veins. They 
are believed to be connected with the W. Scottish Tertiary Volcanic 
Centres. Magnetometer investigations have aided the mapping of the 
Loch sunart intrusives and palaeomagnetic ~easurements the 
determination of their age-relationships. 
TABLE OF CONTENTS 
LIST OF ILLUSTRATIONS. 
LIST OF TABLES. 
PREFACE. 
CHAPrER I. INTRODUCTION 
PREVIOUS INVESTIGATIONS 
The dykes of scotland. 
The mineralisation of basic intrusions. 
Previous geological work in the Loch 
Sunart area of Argyll. 
OBJECTS AND SCOPE OF THE PRESENT WORK. 
THE PHYSIOGRAPHY AND GENERAL GEOLOGY OF THE 
LOCH SUNART AREA 
Physiography. 
The country-rocks. 
The minor intrusions. 
METHODS OF INVESTIGATION. 
Mapping. 
Sampling. 
Laboratory methods. 
CHAPTER II. PRE-GRANITE INTRUSIONS 
IN!' RODUCTION 
FOLIATED LAMPROPHYRE SHEETS 
Occurrence. 
Petrography. 
Chemistry. 
Mineralisation. 
HORNBLENDIC SCHIST BANDS 
Occurrence. 
Petrography. 
Chemistry. 
Mineralisation. 
AMPHIBOLITES 
Occurrence. 
Petr9graphy. ChemJ.stry. 
Mineralisation. 
P.AGE NO. 
1 
5 
9 
12 
13 
15 
16 
18 
20 
22 
27 
29 
29 
31 
31 
32 
33 
35 
36 
41 
43 
44 
45 
CHAPTER III. EARLY LJ\MPROPHYRE DYKES OF PROBABLE 
DEVONIAN .AGE 
CLASSIFICATION 
DYKES OF MINETTE 
Occurrence. 
Petrography. 
Chemistry. 
Mineralisation. 
Age-Relationships. 
DYKES OF VOGESITE, KERSANTITE AND SPESSARTITE 
Occurrence. 
Petrography. 
Age-Relationships. 
CHAPTER IV. FELSITE DYKES OF PROBABLE DEVONIAN AGE 
CHAPTER V. 
Occurrence. 
Petrography. 
Mineralisation. 
Age-Relationships. 
QUARTZ-DOLERITE DYKES .AND BOSSES OF PROBABLE 
PERMO-CARBONIFEROUS AGE 
Definition. 
Occurrence. 
Magnetic investigations. 
Petrography. 
Chemistry. 
Mineralisation • 
. Age-Relationships. 
CHAPTER VI. NORMAL DOLERITE DYKES OF PROBABLE PERMO-
. CARBONIFEROUS AGE 
Definition. 
Occurrence. 
petrography. 
Chemistry. 
Mineralisation. 
Age-Relationships. 
CHAPTER VII. OLIVINE-D0LERITE DYKES OF PROBABLE PERMO-
CARBONIFEROUS AGE 
Definition. 
occurrence. 
Petrography. 
Chemistry. 
Mineralisation. 
Age-Relationships. 
PAGE NO. 
46 
52 
55 
64 
67 
69 
70 
71 
72 
74 
75 
75 
75 
76 
77 
86 
94 
100 
100 
103 
105 
105 
108 
109 
110 
110 
112 
113 
123 
132 
132 
147 
PAGE NO. 
CHAPI'ER VIII. PROBABLE PERMO-CARBONIFEROUS DOLERITE DYXES 
OF CAMPTONITIC AFFINITIES 
CHAPI'ER IX. 
CHAPTER X. 
CHAPTER XI. 
Definition. 
Occurrence. 
petrography. 
Chemistry. 
Mineralisation. 
Age-Relationships. 
CAMPTONITE AND MONCHIQUITE DYKES OF PROBABLE 
PERMO-CARBONIFEROUS AGE 
CLASSIFICATION 
CAMPTONITE DYXES 
Occurrence. 
Petrography. 
Chemistry. 
Mineralisation. 
Age-Relationships. 
MONCHIQUITE DYKES 
Occurrence. 
Petrography. 
Chemistry. 
Mineralisation. 
Age-Relationships. 
STRUCTURAL CHARACTERISTICS OF THE LOCH 
SUNART AREA 
MAJOR FOLDS 
FAULTS AND RELATED STRUCTURES 
149 
150 
157 
166 
167 
181 
184 
189 
196 
217 
222 
237 
239 
241 
246 
248 
248 
251 
Faults of Caledonian (or earlier) age. 251 
Faults of probable Hercynian age. 255 
jOINTS 
jointing in Moine Rocks and Caledonian 
Granite. 259 
jointing in minor intrusions. 260 
MINERALISATION IN THE LOCH SUNART AREA 
INTRODUCTION 262 
EPIGENETIC MINERALISATION: THE VEIN CONTENTS 
General Description. 
New data on h~etome. 
EPIGENETIC MINERALISATION: STRUCTURAL ODNTROL 
PAGE NO. 
262 
264 
BY major structures. 267 
BY joints and faults in schist and granite. 267 
BY minor intrusions. 268 
EPIGENETIC MINERALISATION: THE NATURE OF THE 
ORE-FORMING FLUID 
Evidence from the mineral veins. 271 
Evidence from the mineralisation of minor 
intrusions. 271 
EPIGENETIC MINERALISATION: THE ORIGIN OF THE 
ORE-FORMING FLUID 276 
EPIGENETIC MINERALISATION: AGE 278 
FERROUS MINERALISATION 280 
ECONOMIC RESULTS OF THE PRESENT INVESTIGATION 281 
CHAPTER XII. POST-MINERALISATION DYKES OF PROBABLE 
I TERTIARY AGE 
QUARTZ-DOLERITE DYKES 
Occurrence. 
Petrography. 
Chemistry. 
Age-Relationships. 
Comparison with Permo-Carboniferous quartz-
dolerite dykes. 
NORMAL DOLERITE DYKES 
283 
286 
290 
290 
292 
occurrence. 293 
Petrography. 296 
Chemistry. 300 
Age-Relationships. 300 
Comparison with Permo-Carboniferous norma~ 
dolerite dykes. 301 
OLIVINE-DOLERITE DYKES 
occurrence. 301 
Petrography. 305 
Chemistry. 308 
Age-Relationships. 308 
Comparison with Permo-Carboniferous olivine-
dolerite dykes. 309 
PAGE NO. 
CHAPTER XIII. COMPARATIVE DATA ON MINERALISED DYKES FROM 
OTHER PARTS OF BRITAIN 
INVESTIGATIONS AT BLACKCRAIG MINE, 
KIRCUDBRIGHTSHIRE 
Occurrence. 
Petrography 9 and mineralisation of the 
Blackcraig Mine dyke. 
Chemistry of the Blackcraig Mine dyke. 
Age-relationships of the Blackcraig 
Mine dyke. 
Age of the Kircudbrightshire mineralisation. 
INVESTIGATIONS AT PAGIE HILL, LANARKSHIRE 
Occ't;irrence. 
Petrography of the dyke. 
Age of the mineralisation. 
INVESTIGATIONS AT MILDERSTON MINE, 
LINLITHGOWSHIRE 
Occurrence. 
Petrography of the dolerite intrusion(ll55) 
exposed west of Hilderston Mine. 
Petrography ahd mineralisation of the 
dolerite·dyke (1153,1154) exposed south 
of Hilderston Mine. 
Petrography and mineralisation of the 
dolerite samples (1150,1151,1152) from 
Hilderston Mine Dumps. 
INVESTIGATIONS AT CALLOW HILL MINE, WEST 
SHROPSHIRE 
Occurrence. 
Petrography and mineralisation of the 
Callow Hill Mine dyke. 
CHAPTER XIV.. PETROGENESIS OF THE MINOR INTRUSIONS OF THE 
LOCH St.JNART AREA. 
PETROGENESIS OF DYKES OF PROBABLE DEVONIAN AGE 
The intrusion sequence. 
Affinities of the dykes with the Strontian 
Granitic Complex. 
310 
311 
315 
315 
316 
316 
317 
318 
319 
321 
321 
324 
328 
329 
333 
333 
PETROGENESIS OF MINOR INTRUSIONS OF PROBABLE 
PERMO-CARBONIFEROUS AGE 
The intrusion sequence. 
Petrographical and chemical affinities 
of the intrusive types. 
Derivation of the rock types. 
PETROGENESIS OF DYKES OF PROBABLE TERTIARY AGE 
PAGE NO. 
335 
335 
342 
·The intrusion sequence. 344 
Petrographical and chemical affinities of 
the intrusive types. 345 
Derivation of the rock types. 345 
Comparison with permo-carboniferous 
petrogenesis. 346 
- APPENDICES -
APPENDIX A. TEE THERMAL ALTERATION OF COUNTRY-ROCKS BY SOME 
INTRUSIVES OFPPROBABLE PERMO-CARBONIFEROUS AGE 
THE~~ ALTERATION OF COUNTRY-ROCKS BY 
QUARTz-DOLERITE BOSSES 
Occurrence. 
Petrography of the altered cOQntry-rocks. 
Cornparisonlii. 
THERMAL ALTERATION OF oc;CJUJNli'.R¥-R0CKS BY 
QUARTz--DOLERITE- DYKES;' 
occurrence. 
Petrography of the altered country-rocks. 
Chemical changes during the alteration of 
the country-rocks. 
Quantitative treatment of the thermal 
alteration process. 
Comparisons. 
THERMAL ALXERATION OF COUNTRY-ROCKS BY DYI<ES 
OF THE OLIVINE-DOLERITE GROUP 
Occurrence. 
Petrography of the altered country-rocks. 
THERMAL ALTERATION OF COUNTRY-ROCKS BY 
CAMPTONITE DYKES 
occurrence. 
Petrography of the altered country-rocks. 
348 
349 
354 
355 
356 
362 
365 
370 
371 
371 
372 
373 
APPENDIX B. X-RAY DATA 
Methods and presentation. 
Data for clinopyroxene, minette 458. 
" 
11 dark mica, 11 " 
" II magnetic iron(? titanium) 
~ oxide, minette 458. 
11 11 a sample of the sulphide deposit 
associated with minette 458. 
" 
11 clinopyroxene, camptonite 14. 
"
11 
" hornblende~ " " 
" 
11 bowlingi te, " " 
II 
" iron oxide adhering to poles of 
PAGE NO. 
375 
377 
377 
378 
378 
379 
379 
380 
magnetic separator, camptoni te 14. 381 
381 II 
It 
It 
u less magnetic iron oxide, " " 
" magnetic iron(? titanium) oxide, 
quartz-dolerite 78. 
" differential thermal analysis 
residue of har.motome. 
APPENDIX C. PALAEOMAGNETIC AGE DETERMINATIONS 
Methods. 
Results. 
APPENDIX D. METHODS OF CHEMICAL ANALYSIS 
Introduction. 
Determination of Si02• 
It It 1U 03 
Preparation of Solution B. 
Determination of Na2o and K2o. 
11 " cao and MgO. 
" " P205· 
II It T102. 
11 
" MnO. 
" u total Fe • 
" 
11 FeO. 
II 11 other oxides and sulphur. 
Use of spectrophotometer. 
Use of flame photometer. 
The accuracy and precision of the rapid 
analysis methods. 
LIST OF REFERENCES. 
381 
382 
383 
383 
386 
386 
386 
387 
387 
388 
389 
389 
390 
390 
391 
392 
392 
393 
394 
395 
LIST OF ILLUSTRATIONS 
FIG. NO. 
Frontispiece - The mountains of Sunart and W.Ardgour from 
Whitesmith Mines. 
CHAPTER I. 
1.1. - Injected Moine gneisses on the S.E.side of Ben Resipol. 
1.2. - The northern contact of the Strontian Granitic Complex. 
1.3. - Trends of Caledonian dykes in Scotland. 
1.4. - Trends of Lower carboniferous and Permo-Carboniferous 
dykes in scotland. 
1.5. - Trends of Permian dykes in Scotland. 
1.6. - Trends of Tertiary dykes in Scotland. 
CHAPTER II. 
2.1. - Foliated hornblende-lrunprophyre (photomicrograph). 
2.2. - Hornblendite (photomicrograph). 
2.3. Mineralisation of a schist band (camera lucida drawing) 
AFTER 
PAGE NO. 
1 
L· 
3 
4 
5 
6 
29 
29 
37 
2.4. - General view of the Corrantee Mine workings. 43 
2.5. - Contorted, black epidiorite band in grey psammites. 43 
CHAPTER III. 
3.1. - Mmnette (camera lucida drawing). 55 
3.2. - Biotite-hornblende-vogesite (photomicrograph). 71 
3.3. - Biotite-bearing hornblende-spessartite(photomicrograph) 71 
CHAPTER IV. 
CHAPTER v. 
5.1. - Uncorrected magnetio profiles over some large quartz-
dolerite intrusives in the Loch Sunart area. 80 
5.2. - Small-grained quartz-dolerite of Drumnatorran boss. 82 
5.3. - Strongly fused tonalite at the northern edge of 
Drumnatorran boss. 82 
FIG. NO. 
5.4. - Pelitic gneisses strongly fused against the N.E. 
edge of Gortenfern quartz-dolerite boss. 
5.5. - Allt a 'Bhuic following quartz-dolerite dykes. 
5.6. -Quartz-dolerite boss (photomicrograph). 
5.7. - Quartz-dolerite dyke (photomicrograph). 
5.8. - Uncorrected magnetic anomalies over quartz-dolerite 
and oJ:hrine-dolerite dykes south of Sgurr a'Bhuic. 
5.9. - Uncorrected magnetic anomalies over intrusives on 
the south-west side of Sgurr nan Cnamh. 
5.10.- Uncorrected magnetic anomalies over unexposed ground 
·at the head of Gleann Feith'n Amean. 
AFTER 
PAGE NO. 
84 
84 
85 
85 
91 
92 
93 
94 5.11.- ~uartz-dolerite dyke in contact with fused gneiss. 
5.12.- Sheared and fused gneiss in angular contact with quartz-
dolerite dyke containing calcite veins. 94 
5.13.- Quartz-dolerite dyke in contact with fused psammitic 
gneiss (photomicrograph).· 
5.14.- Fused ~anitic gneiss at contact with quartz-dolerite 
dyke (photomicrograph). 
CHAPTER VI. 
97 
97 
6.1. - Sl{etch-map of the dykes exposed in the lower course 
of Allt a'Choire Dhuibh. 105 
6.2. - Metalliferous vein following a normal dolerite dyke. 106 
6.3. - Olivine-dolerite seams followed by calcite-barytes 
veinlets. 106 
6.4. - Normal dolerite (photomicrograph). 108 
6.5. - Normal dolerite, hypocrystalline in places 
(photomicrograph). 108 
6.6. - Olivine-dolerite chilled edge (photomicrograph). 108 
CHAPTER VII. 
7.1. - Sron Lagnan Gamhna looking east across the head of 
Gleann Feith 'n Amean. 113 
FIG.NO. AFTER 
PAGE NO. 
7.2. - Uncorrected magnetic anomalies over mineralised 
dykes continued south-eastwards from Garbh Bheinn. 115 
7. 3. - The east side of Garbh Bheinn. 116 
7.4. - Metalliferous vein in crushed gneiss between seams 
of olivine-dolerite. 116 
7.5. - Mineralisation of olivine-dolerite (camera lucida 
drawing). 132 
7.6. - Mineralisation of associated olivine-dolerite dykes. 142 
7.7. - Chemical changes during the mineralisation of 
olivine-dolerite s. t43 
"GHAPTER VIII. 
8.1. - Hornblende-oiliivine-dolerite dyke at Bellsgrove Mine. 150 
8. 2. - Calcite ribs in dyke--rock and crushed gneiss. 150 
8.3. - The southern branch of Corrantee Vein against 
11whi te-trap". 151 
8.4. - White carbonate veinlets in closely-g.ointed dyke. 151 
8.5. - Hornbmende-olivine-dolerite sheared and veined by 
carbonate. 152 
8.6. - Horse of mineralised schist along hornblende-
olivine-dolerite dyke. 152 
8.7. - Sketch-map of the geology of Corrantee Mine. 153 
8.8. - Sketch-map of the dykes exposed along Allt a'Chait. 156 
8.9. - Petrographical changes during the mineralisation of 
a hornblende-bearing olivine-dolerite dyke. 167 
8.10.- Mineralisation of hornblende-bearing olivine-dolerite; 
fresh rock (photomicrograph). 168 
8.11.- Partly mineralised version of dolerite,fig.8.10 
(photomicrograph). 168 
8.12.- Partly mineralised version of dolerite,fig.8.10 
(photomicrograph). 168 
8.13.- Strongly mineralised version of dolerite,fig.8.10 
(photomicrograph). 168 
FIG. NO. 
8.14.- Mineralisation of the Strentian MmnVein hornblende-
bearing olivine-dolerite; weakly mineralised rock 
(photomicrograph). 
8.15.- Moderately mineralised version of dolerite, fig.8.14 
(photomicrograph). 
8.16.- Strongly mineralised version of dolerite, fig.8.14 
(photomicrograph). 
8.17.- Wholly mineralised version of dolerite, fig.8.14 
(photomicrograph). 
8.18.- Chemical changes during the mineralisation of 
hornblende-bearing olivine-dolerite. 
CHAPTER IX. 
9.1. Camptonite dyke cut by mineral vein, Corrantee Mine. 
AFTER 
PAGE NO. 
171 
171 
171 
171 
172 
190 
9.2. -Carbonate ribs in camPtonite dyke, Beinn Chlaenleud. 190 
9.3. - Camptonite dykes in the lower course of Allt Feith 
'n Arne an. 192 
9.4. - Relationships between minor intrusions at Camasinas. 193 
9.5. - Minor intrusions at Salen Pier, Salen. 193 
9.6. - Minor intrusions on the shore at Camas an bighe. 193 
9.7. - Camptonite dyke cutting Gortenfern quartz-dolerite boss. 194 
9·.8. - Monchiquite dyke cutting Gortenf'ern quartz-dolerite boss. 194 
9.9. - Narrow monchiquite seam dying out in a hornblende-
olivine-dolerite, Gortenfern. 195 
9.10.- Tertiary normal dolerite dyke cutting a camptonite dyke 
in the Camasinas quartz-dolerite boss. 195 
9.11.- Ocellar camptonite (camera lucida drawing). 204 
9.12.- Camptonite with analcite arnvgdales (photomicrograph). 211 
9.13.- Hornblende-lamprophyre (photomicrograph). 211 
9.14.- Petrographical changes during the mineralisation of a 
camptonite dyke. 223 
9.15.- Mineralisation of camptonite (camera lucida drawing). 224 
.:"i-
FIG. NO. 
9.,16~- Chemical changes during the mineralisation of 
camptonite. 
9.17.- Monchiquite (photomicrograph). 
9.18.- Monchiquite (photomicrograph). 
CHAPTER X. 
10.1.- Crus~ed quartzite and psammites exposed along the 
middle course of Allt a 'Chait. 
AFTER 
PAGE NO. 
231 
244 
244 
254 
10.2.- Dolerite dyke intruded irregularly through crushed 
quartzite, Allt a'Chait. 254 
10.3.- Fault zone in Moine Schist veined by calcite, 
tributary to Allt a'Bhuic. 256 
10.4.- Calcite vein in crushed granite, Allt nan Cailleach. 256 
CHAPTER XI. 
11.1.- Banded mineral vein, Allt Tarsuinn, Corrantee Mine. 262 
11.2.- Banded mineral vein, Garbh Bheinn. 262 
11.3.- Differential thermal analysis cu~ve for harmotome 
from the Strontian Main Vein. 265 
11.4.- The Strontian Mines at the northern edge of the 
Strontian Granite. 267 
11.5.- Beinn ChlaonleUd from Lurga Mine. 267 
CHAPTER XII. 
12.1.- The Glenhurich-Achnalea quartz-dolerite dyke in. 
Coire Chaillich. 286 
12.2.- The Bellsgrove-An Torra Ban olivine-dolerite dyke 
cutting a quartz-dolerite dyke. 286 
12.3.- Post-mineralisation quartz-dolerite (photomicrograph). 287 
12.4.- Post-mineralisation normal dolerite (photomicrograph). 287 
12.5.- Post-mineralisation olivine-dolerite(photomicrograph). 287 
12.6.- Uncorrected magnetic anomalies over intrusives in 
the Bellsgrove district. 290 
FIG. NO. 
12.7.- View of the area south of Bellsgrove Mines. 
12.8.- Normal dolerite dyke at Whitesmith Mines' opencasm. 
12.9.- Multiple olivine-dolerite dyke, Rudha Aird Beithe. 
12.10- The easternmost seam of dyke in fig.l2.9. 
12.11- Petrogr~hical variation across the Rudha Aird 
Be"tllthe dyke. 
CHAPrER XIII. 
13.1.- General view of Blackcraig Mine dumps. 
13.2.- Blackcraig Mine dyke (photomicrograph). 
13.3.- Sketch-map of the geology of the Pagie Hill 
barytes locality. 
13.4.- The geological setting of Hilderston Mine. 
13.5.- Mineralisation of the Hilderston Mine tholeiite; 
unaltered rock (photomicrograph). 
13.6.- Mineralised version of dolerite, fig.l3.5(photo-
micrograph). 
13.7.- Mineralisation of the Hilderston Mine quartz-
dolerite; (c@nera lucida drawing). 
13.8.- Mineralisation of the Callow Hill Mine olivine-
bearing dolerite; fresh rock (photomicrograph). 
13.9.- We~kly mineralised version of dolerite, fig.l3.8 
(photomicrograph). 
13.10- Strongly mineralised version of dolerite, fig.l3.8 
(photomicrograph). 
13.11- strongly mineralised version of dolerite,fig. 13.8 
(photomicrograph). 
CHAPTER XIV. 
APPENDIX A. 
APPENDIX B. 
AFTER 
PAGE NO. 
293 
293 
304 
304 
308 
311 
311 
316 
316 
323 
323 
325 
329 
329 
329 
329 
FIG. NO. 
APPENDIX C .. 
0.1. - Plot of the angles of declination and dip of 
polarisation of erientated samples of minor 
intrusions from the Loch Sunart area on a Wulff 
AFTER 
PAGE NO. 
stereographic net. 383 
APPENDIX D. 
PLATE (in folder on back cover) -
Geolog'ical map of the minor intrusions of 
East Sunart and South Ardgour. 
(Scale 6 inches to 1 mile). 
LJST OF TABLES. 
TABLE NO. 
CHAPTER I. 
CHAP'l'ER II. 
2.1. - Mineral composition of schist bands. 
2.2. - Chemical and other changes during the mineralisa-
tion of a schist band. 
2.3. - Mineral composition of ffinphibolites. 
CH.APrER III. 
3.1. Outline classification of the lamprophyres. 
3. 2. - Fie1d data for _-orobable Devonian lampropbyre dykes. 
exposeQ near ~ron~~an. 
3.3. - Mineral composltion of probable Devonian lamprophyre 
dykes. 
3.4. - Chemical and related analyses of biotite separated 
from minette, 458. 
3.5. -
3.6. -
Chemical and related analyses of clinopyroxene 
separated from minette, 458. 
Compution of the chemical composition of minette,458. 
CHAPTER 'JIV. 
CHAPTER V. 
5.1. - Field data for permo-carboniferous quartz:dolerite 
bosses. 
5.2. - Field data for Permo-Carboniferous quartz-dolerite 
dykes exposed near Strontian. 
5.3. - Mineral composition of Permo-Carboniferous quartz-
dolerites. 
CHAPTER VI. 
6.1. - Field data for Permo-Carboniferous normal dolerite 
PAGE NO. 
34 
~6 
43 
4'7 
54 
56 
59 
61 
65 
'78 
84 
95 
dykes exposed near strontian. 10'7 
6.2. - Mineral composition of Permo-Carboniferous normal 
dolerite dykes. 108 
TABLE NO. PAGE NO. 
CHAPTER VII. 
7.1. - Field data for Permo-Carboniferous dykes of olivine-
dolerite and hornblende-bearing olivine-dolerite 
exposed near Strontian. · 114 
7. 2. - Mineral composi t·ion of unaltered Permo-Carboniferous 
olivine-dolerite dykes. 125 
7.3. - PetrogrEPhical changes during the mineralisation of 
olivine-dolerite. 134 
7 .4. - Chemical changes during the mineralisation of olivine-
dolerite. 138 
7.5. - Changes in ionli:c percentages during the mineralisation 
of olivine-dolerite. · 143 
CHAPTER VIII. 
8.1. - Field data fmr Permo-Carboniferous dykes of camptonitic 
dolerite exposed near Strontian. 156 
8.2. - Mineral composition of unaltered Permo-Carboniferous 
hornblende-bearing olivine-dolerite dykes. 158 
8.3. - Mineral composition of unaltered Permo-Carboniferous 
dykes of camptonitic dolerite. 165 
8.4. - Estimated mineral composition of samples of the 
Corrantee vein dyke seams. 167 
8.5. - Estimated mineral composition of samples of tP,e Strontian 
Main Vein dyke seams. 171 
8.6. - petrographical changes during the mineralisation of the 
type hornblende-bearing olivine-dolerite. 174 
8.7. - Chemical changes during the mineralisation of hornblende-
bearing olivine-dolerite. 176 
CHAPTER IX. 
9.1. - Field data for Permo-Carboniferous camptonite dykes 
exposed near strontian. 193 
9.2. - Mineral composition of Permo-Carboniferous camptonite 
dykes. 199 
9. 3. - Chemical and related analyses of .O.llitnejj)urcocene separated 
from camptonite, 14. 205 
9.4. - Chemical and related analyses of hornblende separated 
from camptonite, 14. 207 
TABLE. NO. 
9. 5. - Petrographical variation across aamptoni te dyke 820. 
9.6. - Petrographical variation along camptonite dyke 706. 
9.7. - Computation of the chemical composition of camptonite 
14. 
PAGE NO. 
214 
216 
218 
9.8. - Chemical changes during the mineralisation of camptonite. 226 
9.9. - Field data for Permo-Carboniferous monchiquite dykes 
exposed near strontian. 240 
9.10.- Mineral composition of Permo-Carboniferous monchiquite 
dykes. 243 
9.11.- Chemical analysis and norm of monchiquite 825. 247 
CHAPTER X. 
CHAPTER XI. 
11.1. - Chemical and related analyses of harmotome from 
strontian. 
CHAPTER XII. 
12.1. - Field data for Tertiary quartz-dolerite dykes exposed 
266 
near strontian. 286 
12.2. - Mineral composition of Tertiary quartz-dolerite dykes. 287 
12.3. - Chemical analyses of post~mineralisation dykes of 
probable Tertiary age. 291 
12.4. - Field data for Tertiary normal dolerite dykes exposed 
near strontian. 295 
12.5. - Mineral composition of Tertiary normal dolerite dykes. 297 
12. 6.- Field data for Tertiary olivine-dolerite dykes 
exposed near strontian. 303 
12.7. - Mineral composition of Tertiary olivine-dolerite dykes. 304 
CHAPTER XIII. 
13.1. - Chemical and related analyses of Blackcraig Mine 
olivine-dolerite ( 1120). 313 
13.2. - Mineral composition of the mineralised dyke exposed 
south of Hilderston Mine. 322 
' 
TABLE NO. PAGE NO. 
13.3. -Mineral composition of mineralised dolerite samples 
occurring on Hilderston Mine dumps. 325 
13.4. - Mineral composition of the Callow Hill Mine 
mineralised dyke. 330 
CHAPTER XIV. 
14.1. - Comparative data for Permo-Carboniferous types of 
intrusion. 338 
14.2. - Comparative data for post-mineralisation dykes. 346 
APPENDIX A. 
A.l. - A summary of the main features of the exposed 
contacts of quartz-dolerite dykes of the Bellsgrove-
Inversanda dyke-system. 356 
A.2. - Chemical and related analyses of fused gneiss, with 
some comparisons. 364 
APPENDIX B. 
APPENDIX C. 
C.l. - Palaeomagnetic age determinations on minor intrusions 
from the Loch Sunart area. 384 
PREFACE 
The research described in this thesis was carried out in the 
Department of Geology in the Durham Colleges in the University of 
Durham from July, 1954 until August, 1957 with the help of a 
maintenance grant from the Department of Scientific and Industrial 
Research and under the supervision of Professor K.C. Dunham, F.R.S •• 
GratefUl acknowledgement is due to each of the following: 
Mr. R. Phillips for advice on methods of X ray photography and 
opaque mineral determination; Dr. A.G. MacGregor, Assistant 
Director of H.M. Geological Survey, for field information; 
Dr. R.A. Chalmers for assistance with techniques of chemical 
analysis; Dr. G.A.L. Johnson for a differential thermal analysis 
of harmotome; Mr. J.E .. Maund for mathematical assistance; 
Dr .. A.E.M. Nairn and Mr. D.W. Collinson for palaeomagnetic data; 
Mr. c. Chaplin and Mrs. J. Harker for thin sections and photographs; 
and Messrs. B.L. Hodge and T. Bell for ungrudging assistance in 
the field. 
The writer would also like to thank Professor F.H. Stewart, 
Dr. M.I. Munro, Dr. M.H.P. Bott and Dr. C.H. Emeleus for the 
opportunity of discussing with them same of the problems arising 
out of the research and to express his deep indebtedness to 
Professor Dunham for his continual guidance throughout the work. 
CHAPTER I 
INTRODUCTION 
PREVIOUS INVESTIGATIONS. 
The dykes of Scotland. - Several distinct episodes of minor 
intrusive activity have taken place in the geological history of 
Scotland. There is little evidence of igneous activity in Lower 
Palaeozoic, Upper Devonian and Mesozoic times. By contrast, large 
numbers of dykes, together with sills and plugs, were intruded in 
Lewisian. and Moinian periods and subsequently at more restricted 
intervals, notably in late Silurian and early DevoniruL times, in 
Carboniferous and early Permian times and in middle Tertiary times. 
An admirable summary of the extensive literature available on this 
topic up to 1939 has been given by Richey. More recent work on 
the minor intrusions of scotland is therefore dealt with in greater 
detail in this section. 
vast numbers of sheets, lenses and patches of what many authors 
have recognised as the metamorphosed representatives of original 
minor intrusions are restricted to the metamorphic rocks of the 
Scottish Highlands. The extensive metamorphism, migmatisation, 
folding and thrusting suffered by Lewisian, Moine and Dalradian 
rocks has served to obscure the original characteristics of the 
intrusions emplaced before the termination of these phenomena in 
late Silurian times. The irregular form and metamorphic character 
of these intrusions makes them readily distinguishable from minor 
intrusions of later origin. seams comparable with the 
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FIG. 1.1.- 1' Injected Moine gneisses on the S .E . 
side of Ben Resipol ( 302887) . The contorted 
foliation is followed .by pegmatites and quartz 
veins in a W. S .W. direction (away from camera) . 
FIG . 1.'2.'-The northern contact of the Strontian 
Granitic Complex against injected gneisses at 
Bellsgrove Mines ( 346$91) . Tonalite is on right . 
definite dykes intruded in large numbers in Permo-Carboniferous 
times, for example, are rarely found; acute earth-movements in 
Lewisian, Moine and Dalradian rocks have given pre-Caledonian 
intrusions a characteristically inclined form, while extensive 
shearing and faulting have restricted their areal extent. 
Distribution patterns, intrusive relationships and questions 
of petrogenesis can be more easily studied in the cases of 
intrusions formed at a later date. The important concept of 
11 dyke-swarms" in igneous geology is particularly well illustrated 
by the radial arrangements of dykes on the foci provided by several 
of the "Newer Granites" of Scotland (see fig. 1.3). The Ben Ney,is 
Granite and its dyke-cortege of porphyries, lamprophyres and felsites 
constitutes a fine example (Bailey and Maufe 1916). It is generally 
held that a genetic connection exists between the granite bodies and 
their surrounding dykes. Phillips (1956), however, has suggested 
that many of the spessartite lamprophyre dykes around the Criffel-
Dalbeattie granodiorite complex originated from a parental magrria 
of olivine-basalt. Some essentially similar minor intrusions 
described by King (1937) from Kircudbrightshire occur at considerable 
distances from major bodies of Caledonian granite. The Caledonian 
"calc-alkaline" lliamprophyre dykes (minettes, vogesites, kersantites 
and spessartites), present a marked contrast with the other main 
group of Scottish lampropby"res, the ttalkaline" camptonite and 
monchiquite dykes and volcanic rocks of Permo-carboniferous age. 
characteristic members of the Caledonian suite pre-date Middle Old 
Red Sandstone sediments in the Highlands (Phemister 1948, 62). 
Large numbers of minor intrusions, mmnly basic in composition, 
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cut carboniferous sediments in Central Scotland. Their petrology 
( 1) and intrusive relationships are summarised by MacGregor and MacGregor 
\,_// 
(1948). Some olivine-basalt dykes are associated with lavas 
restricted to Lower Carboniferous beds (see fig,b4), but the majority 
of the intrusions fall into three main groups, teschariites and 
allied types, quartz-dolerites and a crunptonite-monchiquite suite, 
intruded in that order after the close of Coal Measure times. 
~uartz-dolerite plugs are cut by dykes of camptonite and monchiquite 
in the w. Highlands (MacGregor 1948), while in N. England, dykes of 
quartz-dolerite post-date Coal Measures but are overlain by Permian 
Yellow Sands (Holmes and Harwood 1930). It is therefore very 
probable that the w. Highland camptonite-monchiquite swarm 
(Johnstone and wright 19511, together with petrologically similar 
dykes of the Orkney Islands (Flett 1900, 1935) are of late 
Carboniferous or early Permian age. Moreover, two monchiquite 
dykes from Colonsay were found by helium age determinations (Urry 
and Holmes 1941) to have been intruded in carboniferous or Permian 
times. 
Despite their overall similarities, there are distinct· 
differences between the three major developments of camptonite 
and monchiquite in Scotland (see fig. 1.5). Monchiquitic volcanic 
vents and xenolithic dykes have been frequently recorded in Central 
scotland (e.g. in the "Central AYrshirel' Memoir, ~.Geol.~. 1949 , 
103-6), but are rarely found in thew. Highlands (MacGregor 1948, 
Hartley and Leedal 1951, Walker and Ross 1954) and are absent in 
Orkney. On the other hand, a few leucocratic bostonites and same 
alnoites are associated with the Orkney lamprophyres (Flett, opera 
·- 3-
CALEDONIAN DYKES 
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FIG. L 3. 
Trends of Caledonian dykes in Scotland 
Related plutonic masses are show11 by sU3;ple. Proportions of 
knovvn dykes shoVlm, excepting tbe Ben Nev:Ls and Etive swarms, 
about 10 per cent. Reproduced from Richey (1939, fig. 2.). 
c&ta supra). Distinctive to the w. Highland area is the recent 
~inding by Ramsay (1955) of composite dykes of camptonite and 
olivine-daler:t.te, suggesting that the two petrological types were 
derived from the same par·ental magma. 
Camptonitic types reappear on a very minor scale among the 
predominantly basaltic dykes connected with the Mull Tertiary 
Volcanic Centre (Bailey and Others 1924). The northerly trends 
of these dykes are in marked contrast with the westerly ld.neat!hon.s 
o~ camptonite and monchiquite dykes thought to be o~ Permo-
Carboniferous age. The latter appear to belong to a single period 
of major production 6~ camptonitic magma. The genesis of this 
magma from a crustal layer o~ alkaline olivine-basalt has been 
suggested by MacGregor (1948), ~ollowing the hypothesis of l~e~ 
crustal magmas advanced by Kennedy and Anderson ( 1938). Ramsay:;' s 
discover; o~ composite camptonite-olivine dolerite dykes in the W. 
Highlands lends supporting evidence to this concept. It may be· 
noted that Flett, in his studies of the Orkney dykes, thought that 
the parental magma probably~prox~ated in composition to an olivin~ 
gabbro-diabase as had previously been suggested by Brogger (1.894) 
fov some Norwegian camptonitic dykes. Flett also suggested that 
the Orkney lamprophyres may be outlying members of the w. Scottish 
Tertiary volcanic centres. Although it appears that the large-
scale production of camptonitic magma in Scotland is restricted to 
Permo-carboniferous volcanism, it is of interest to find that in 
the Skaergaard area of E. Greenland, a distant part of the Thmlean 
province , camptonitic dykes are more common among the Tertiary 
.dyke-suites and were probably derived frrnn a basaltic magma 
(Vincent 1953). 
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LOWER CARBONIFEROUS & 
PERMO- CARBONIFEROUS 
DYKES 
FIG. 1.. 4. 
-_,.. 
Trends of Lower Carboniferous dykes ( cr'oss-hatched lines) and 
Permo-Carboniferous dykes (firm lines) in Scotland. The former 
are nmch more numerous than shovm and the rna jori ty of the 
latter are indicated. Reproduced from Richey (1939 9 fig.4.). 
The chemical and petrographical characteristics of the Scottish 
campt6nites and mon~hiquites are variable and interesting. Many 
of the available descriptions (e.g. in Guppy and Thomas 1931; 
Guppy and Sabt:blle~; 1956) may be compared with published works on 
North American camptonites and monchiquites (e.g., Hawes 1879; 
Knopf 1936; Campbell and Schenk 1950; Jaffe 1953). 
The establishment of the age-relationships of the crunptonite-
monchiquite dykes of the Highlands has led to the discernment of a 
phase of minor faulting of probable Permian age in this area by 
Leedal (1951). The author has suggested that the causal movements 
are related to small-scale re-adjustments along the Great Glen 
Fault (Keunedy 1946). 
Minor intrusions of Tertiary age in Scotland (see fig. 1.6) 
are for the most part clearly.related to thew. Scottish Volcanic 
Centres of Mull, Ardnamurchan, etc.; their characteristics have 
been summarised by Ricl:ley (l939). 
The mineralisation of basic intrusions. - Little or no attention 
has been paid to the nature of the alteration of basic dyke-rocks 
occurring in the vicinity of the mineral veins of Scotland. 
Frequent mention, however, has been made by Wilson (1921) of minor 
intrusions cutting rocks in and around many of the 6ld Scottish mine-
workings. The examination of several of these districts forms the 
main basis of the present investigation. Information collected by 
Wilson on the Blackcraig Mines, Kircudbrightshire (op.cit., 48i51), 
Hilderston Mine, Linlithgowshire (61-2) and the Strontian Mines, 
Argyllshire (82-91) has been used extensively in this thesis. 
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FIG. L 5o 
Trends of Permian dykes in Scotland 
The dykes are usually n~re numerous than indicated. 
Reproduced from Richey (1939, fig.S.)o 
A number of other localities listed by Wilson were not visited 
by the writer. Of p~ssible interest to further studies of the 
mineralisation of basic dykes are minor intrusions at localities in 
Islay (op.cit., 71-2), in the Loch Fyhe district (74,76) and in 
Fifeshire (106). Flett (in Wilson 1921, 117-8) has also described 
a camptonite dyke-lead vein occurrence in Orkney in which the vein 
appears to be of later age than the dyke. In addition, details 
of the Pagie Hill vein, Lanarkshire (MacGregor 1944, 13; also 
described in this thesis) and two brief records of mineralisation 
associated with probable quartz-dolerite intrusives on Scottish 
Geological Sheet 33 were kindly furnished to the writer by Dr. A.G. 
MacGregor. 
Comments by the above authors on the appearance of the basic 
dykes where they contact mineral veins are restricted to short 
megascopic descriptions· of the dyke-reok!s~x :.;0Wiilison ( op. cit. sup. ,84) 
has described the lead vein-basic dYke associations of the Strontian 
Mines, Argyll shire thus, "Practically all the lead-bearing veins of 
the. district· • • • • • • are associated •••••• with parallel dykes of 
basalt. Usually the material of the dykes is much decomposed, 
and now consists of soft, sandy, green clay. This alteration of 
the dykes is most noticeably at the more highly mineralised portions 
of the lodes". Jones (1924) has also pointed out that the 
strontian veins are associated with highly decomposed dykes. 
Where dykes and mineral veins are in contact in the pre-Silurian 
rocks of w. Shropshire, Smith (1922, 3-4) states that the dykes are 
altered to a highly micaceous substance called 11white rock" or 
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TERTIARY DYKES 
8 •• S"tirontian 
M .. ==-""'w.• 
T~ends or Tertiary dykes in Scotland 
il ~ T t' J t . 1 l 1 t· 1 
.H.reas or er 1ary :p .u on1c conl]) exes are s.1ovvn Jy s 1:pp e. 
'l'he dykes are usually much more numerous than indicated. 
Reproduced from Richey (1939, fig. 6.). 
11 rider" and that the dykes are presumably of earlier age, occupying 
"' 
fissures before mineralisat,ion. 
The o~ well-documented case of the mineralisation of a basic 
intrusion in Britain is that of the Whin Sill quartz-dolerite of 
N. England. A full discussion of the varied and often large-scale 
alterations of the Whin Sill by the mineralising fluids which gave 
rise to the lead, zinc and copper veins of the N. Pennines is given 
by Dunham (1948, 103-7). previous investigations are summarised 
by this author and the available chemical analyses listed. The 
great thickness and areal extent of the Whin Sill and its variable 
environment of mineralisation thDough the several zones of the 
orefield are features unique to this intrusion in Britain. 
Several aspects of the mineralisation are nevertheless pertinent to 
the present discussion of the mineralisation of same Scottish dYkes, 
although only a brief study of one mineralised quartz-dolerite 
intrusion (from Hilderston, Linlithgowshire) is put forward in 
this thesis. 
A general course in the alteration of the Whin Sill by the 
mineralising fluids can be traced. Ferromagnesian minerals are 
firstly converted to carbonate with inclusions of what has been 
suggested to be anatase. Nearer the mineral veins, the plagio-
clases are affected initially at their calcic cores and subsequently 
at their alkalic margins. Together with orthoclase,the plagio-
clases are progressively replaced by '~kaolinite and micaceous 
material as the ihtensity of the alteration increases. The 
petrographical evidence does not suggest the new formation of 
alkali feldspar, zeoli~ic material or analcite. 
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Other mineralised rocks from the Whin Sill show that quartz, 
pyrite and fluorite may be introduced from the veins; more rarely, 
limonite, probably derived from the oxidation of pyrite, appears 
to have taken the place of the carbonates. 
Although assessment of the chemical significance oft he 
alteration of the Whin Sill is difficult because of probable 
accompanying volume changes, Dunham found some satisfaction in the 
results of comparisons of the chemical analyses of unaltered and 
altered quartz-dolerite, recalculated to 100 per cent, while 
assuming constancy of aluminium in the mineralisation processes. 
Consistent gains in carbon-dioxide, potassium and combined water 
by the dolerite are indicated and there are nearly always marked 
losses in silicon and iron, and usually magnesium and sodium. 
The movements of magnesium and calcium are variable. The evidence 
suggests that these elements may be either gained from or lost to 
the mineralising fluids by the quartz-dolerite, or may combine to 
for.m carbonates after liberation from their original containing 
minerals. On the basis of the chemical evidence, Dunham suggests 
that the mineralising fluids were carrying carbon-dioxide, potassium 
and water, tmgether with silicon and iron in places, and that they 
were enriched in one or more of silicon, iron, magnesium and sodium. 
The author further points out that some of the iron minerals in the 
lead veins may owe their origin to chemical exchanges between the 
Whin Sill, and the mineralising fluids, as maythe great concentra-
tions of ankerite, chalybite and silica.L" occurring only in the 
area of Whin Sill intrusion in N. England. 
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previous geological work in the Loch Sunart area o~ Argyll. - The 
Moine Schists have been mapped east o~ strontian both by the 
Geological survey (Scottish Geological Sheet 53) and more recently 
by Harry (1953). In both cases, geological boundaries within the 
metamorphosed Moine rocks are shown running roughly north and south. 
A tongue o~ rocks tapering ~rom a major development around Sgurr 
Dhomhnuill south towards Glen Tarbert is ~lanked to east and west by 
bands o~ injected psammitic gneiss and quartzite, the latter being 
incomplete on the east side. This repetition o~ rock types has 
suggested to both Bailey and Mau~e (1916, 85) and to Harry (1953, 29~) 
the existence ·o~ an eroded anticline. The principal di~~erence in 
the.authors' interpretations centres on the lithology o~ the central 
tongue of rocks, called originally pelitic schist but renamed 
composite granitic gneiss by Harry. 
Harry has described variations within this gneiss to oligoclase-
biotite-quartz gneiss and to an augen gneiss facies, both locally 
and over large ~reas. 
of Sgurr Dhomhnuill. 
The main d~velopment of augen is south-west 
The migmatised gneisses of the Loch Sunart area (see fig. 1.1), 
occurring mainly in the east, probably form a southern extension of 
the great regional belt of injection gneisses running north and 
south across the head of Loch Shiel from Inverness into Argyllshire 
(Phemister 1948, 29-31). 
Of the results of the investigations on Scottish Geological 
Sheet 52, only those dealing with the Strontian Granitic Complex 
and the ~ediately adjacent Moine rocks have thus far been 
published (MacGregor and Kennedy 1932). Brief descriptions 
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or the Moine rocks of w. Argyllshire given recently by H.M. 
Geological survey (Summ.Progr •. Geol. ~· 1953; 1955) indicate a 
much lower grade or metamorphism and the abs~ce of regional 
injection phenomena in these rocks. Kennedy (1949) has shown that 
the isograds or regional metamorphism run more or less north-soutwl' 
decreasing in intensity westwards, in this part of Argyllshire. 
Mac~regor and Kennedy (1912) have demonstrated the intrusive 
nature of the Strontian Granitic Complex (see fig. 1.2). They have. 
traced three zones within the Granite. North or Loch Sunart, the 
central zone of biotite-granite is absent. A broad rim of 
tonalite encircles porphyritic granodiorite. Small masses and 
orientated strips of appinite, probably pre-existing basic rocks 
metasomatized in the granitic magma, have been described from all 
three major rock-types. The authors have suggested that the 
innermost zone of the Granite followed successively the granodiorite 
and tonalite in time of intrusion. 
Xenoliths of Moine rocks were found to be common within the 
northern part of the Strontian Granite. One strip is shown 
following the N.w. boundary for some Jb.lllree miles and an isolated 
mass was mapped in granodiorite, same two miles from the nearest 
Moine rocks. The extent of contact metamorphism of schists and 
gneisses by the Granite was assessed as very small. 
Brief attention was paid by MacGregor and Kennedy to the 
felsite, lamprophyre and dolerite intrusions post-dating the 
Granite and the foliated pre-Granite sills of lamprophyre and 
amphibolite. Shearing was held to account for the conversion of 
lamprophyre to amphibolite during the period of Moine met&aorphism. 
- 10 .-
Felsite and biotite-lamprophyre dykes were ascribed to igneous 
activity in e.l.d Red Sandstone times, quartz-dolerite plugs to 
Carboniferous intrusion. The age of the Strontian Granitic Complex 
was held to be Caledonian (post-Moine, pre-Lower Old Red Sandstone) 
on the basis of the close petrological comparison which can be 
drawn between the complex and known Caledonian granite bodies of 
the Scottish Highlands. 
. 
The remarkable hypothesis of Kennedy (1946) of the ini~J7ation 
of a 65-mile transcurrent displacement along the line of the Great 
Glen in Palaeozoic times uses as one source of evidence the 
complimentary structural appearance of the Strontian and Foyers 
granite masses. An exrunination of Boch~n Mould's (1946) 
description of the latter granite did not. reveal any similarity in 
subseq_uent minor intrusive history with that recorded during the 
present investigation in and around the Strontian Granitic Complex. 
Several authors have written on the Strontian mineral veins 
and a number of mining reports have been prepared privately for 
companies interested in working the veins. Scott's (1871) note 
on the mineralogy of the veins includes some comments on their 
occurrence, but the significance of the association of the mineral 
veins with basic dykes appears largely to have escaped him. The 
best available summary of the occurrence and economics of the 
Strontian mines is that of Wilson (1921). Jones (1924) has re-
stated Wilson's finding (see above) that the Strontian veins are 
generally associated with highly decomposed dykes of unknown age, 
adding the pmint that fresh Tertiary basalt dykes also occur near 
the veins. Passing reference to the mines is made by Phemister 
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(1948, 92), and Dunham (1952, 405) states that the main Strontian 
veins, trending nearly E.-w., follow a crunptonite dyke in Moine 
schist and augen-gneiss horth of the Strontian Granite. 
OBJECTS AND SCOPE OF THE PRESENT WORK. 
The original aim of the investigations incorporated in this 
thesis was to examine the processes of mineralisation of basic 
dykes. To this end was begun in 1954 the mapping and sampling 
of the minor intrusions occurring in the vicinity of the mineral 
veins exposed in the Loch Sunart area of Argyllshire. It soon 
became apparent that mineralisation in this area is very widespread 
and often associated with minor intrusions, of which many varieties, 
distinct bot:ta,: petrologically and in age, are present. The main 
part of this thesis, Chapters !1- ~' is th§refore devoted to a 
petrographical and chemical description of the mineralisation of 
these intrusions. General considerations of structural control 
of the Loch Sunart mineralisation, a study of the Strontian mineral 
veins and a discus·sion of the nature and origin of the mineralising 
fluid are put fotward in Chapters X and XI. 
Arising from the investigation of the minor intrusions, it 
has been possible to outline the sequence of igneous activity in 
this part of w. scotland. The main groups of intrusion are dealt 
with in the ·text chapter by chapter in order of decreasing age. 
Terminating the igneous history of the area has been a phase of 
-Tertiary intrusion, described in Chapter XII. The close relation-
ships existing between several varieties of Permo-Carboniferous 
dykes have suggested the genesis of camptonite from a parent magma 
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of olivine-basalt, discussed in Chapter XIV. In addition, several 
proposals have been made in Chapter III and ~ concerning the 
general classification of llilinprophyre dykes. 
One set of intrusions, the Permo-Carboniferous quartz-dolerite~, 
were found to have brought about a marked degree of contact 
alteration of their country-rocks, described in outline in Appendix 
Further instances of the mineralisation of basic dykes 
neighbouring lead-zinc veins ha ve been studied briefly for 
comparative purposes in Central Scotland.. 
in Chapter XII. 
The results are discussdd 
PHYSIOGRAPHY .AND GENERAL GEOLOGY OF THE 
LOCH SUNART AREA. 
Ph.ysiograp:by. - The 50 square miles of country mappad as the 
main basis of' this investigation comprises a tract of mountainous 
country situated in the reaches of Sunart and Ardgour, mainly to 
the north of the head of Loch Sunart and its eastern contmnuation 
as Glen Tarbert. Access to strontian, the only settlement of any 
size in the area, is provided by a road along Glen Tarbert from 
Corran Ferry ~ia Inversanda. The sea-route up Loch Sunart is 
used by coaling ships. The country is poorly populated, farms 
and crofts being most numerous on the north shore of' Loch Sunart 
and ih the lower part of the Strontian Valley. 
Thre.e main groups of mountains come within the limits of the 
map (see Plate I). The grassy slopes of Ben·Resipol (2,774 feet) 
and Beinn a' Chaoruinn occupy the western portion of the area in 
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rocks of pelitic and semi-pelitic Moine Schj!st. The more 
southerly members of the cluster of precipitous mountains dominated 
by Sgurr Dhomhnuill (see frontispiece), form most of the northern 
boundary to the area, together with Loch Doilet. Their DOCk-
scarred sides are composed largely of hard, injected granitic and 
psammitic gneisses9 Overlooking Glen Tarbert from the north, 
the massive block of Garbh Bheinn (2,903 feet) and Meall a' Chuillin 
is set in an area consisting mainly of injected psammitic gneisses. 
The rocks of the northern part of the Strontian Granitic 
Complex give rise to lower ground, generally below an altitude of 
1,000 feet. The stron~ian River runs westwards and then veers to 
the south through granite country before entering Loch Sunart and 
occupies what is probably the best example of a glaciated valley 
in the area. Hanging valleys are very numerous on the sides of 
the Strontian Valley, Glen Tarbert and the Coire an' Iubhair. 
The latter are the major channels of drainage. 
Further evidence of heavy glaciation is seen in the many corries 
and on the large areas of ground covered by drift and coarse moraine. 
The moraine-swamped valleys are a serious handicap to the 
continuation of geological boundaries and in particular, dykes. 
on the other hand, the denuded mountain sides give excellent 
exposures. The most important physiographical feature of .the area 
is undoubtedly the Loch sunart - Glen Tarbert through valley. 
Bailey and Maufe (1916, 2 and Plate II) have already discussed the 
significance of the major systems of through valleys on both sides 
of Loch Linnhe, of which Loch Sunart, Glen Tarbert and Loch Leven 
constfutute the most southerly example. 
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scott's (1928) broad physiographioal survey of Morvern, the 
-
wide area south of Loch Sunart, may be consulted for further 
information on the glacial history and drainage pattermof this 
part of Argyllshire. 
The country rooks. - The Loch Sunart minor intrusions eut~: 
rocks of the Moine Basement and rocks of the Strdntian Granitic 
Complex. Little direct attention has been paid to the character-
istics of these country-rooks, except where published data is 
completely lacking. 
No details of the nature of the Moine rooks west of Strontian 
have been published but in the search for mineralised dykes on and 
around Ben Resipol, it was noted that there the predominant varieties 
of schist are pelitic and semi-pelitic. The softer lithologies 
give rise to a gentler topograpby.than that found in the rooks east 
of strontian. The sChists dip steeply to the N. w. or to the s.E. 
and appear to represent the deeply eroded roots of a series of 
sharp anticlinal folds. The grade of metamorphism of these rocks 
is considerably lower than in the migmatite belt to the east. 
Along the Strontian-Salen-Kilchoan road, the schists can be seen 
to become progressively more strongly bedded and recognisably 
sedimentary and to assume lower angles of dip. 
Data recorded for the Moine rocks of the Loch Sunart area 
have been placed on the map reproduced as Plate I. East of the 
strontian Granite, most of the recorded information has been taken 
from published maps. Dn the evidence available, the Moine rooks 
of the area appear to illustrate a long and complicated history 
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o'f 'folding, igneous intrusion, metamorphiSI!l, migmatisation and 
'faulting prior to the intrusion o'f the Strontian Granitic Complex. 
The present investigation has yielded little information additional 
to that already published on the Granite. It was noted that the 
Moine-strontian Granite contact is sharp and relatively regular 
and that the regional 'foliation o'f the Moine Schists appears to be 
deflected to parallel with the contact~ The Strontian Granite 
provides an important dating unit in the geological history o'f the 
Loch Sunart area, in that it is closely comparable with other 
Scottish granites o'f known pre-Middle Old Red Sandstone age. 
On the basis o'f present observations, it may be noted in 
passing that each o'f the Loch Sunart dyke suites o'f post-Granite 
age, though differing markedly in trend, have been intruded with 
equal 'facility along the existing rectangular, strongly developed 
joint-pattern in the Strontian Granite. In addij;ion, the dykes 
have 'for the most part preserved their linear habit along the 
irregular joints, 'foliation planes and 'fault lines o'f the Moine 
Schists. The absence o'f sills in the area may be correlated with 
the predominant vertical habit o'f fault-lines and joint and foliation 
planes in the country-rocks and the lack of structural planes of 
lower inclination. 
The minor intrusllcbns·ii>· - The terms dyke, sill (or sheet) and 
boss (or plug) are used in this text in the following way: a dyke 
may be simply defined as a vertical seam of igneous rock resulting 
from underground intrusion (Bailey and Others 1924, 356); a sill 
as an inclined version tlf a dyke and a boss as a roughiyr oval-
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shaped igneous intrusion having near-vertical sides. 
types are of relatively small width or diameter. 
All three 
Most attention has been paid during the investigation of the 
Loch sunart minor intrusions to the dykes post-dating the Strontian 
Granitic Complex. These dykes seldom exceed a width of 30 feet 
and usually measure 3-6 feet across. Wall-like outcrops are rare 
since the majority of the dykes have weathered more easily than 
their country-rocks. There is a notable lineation of the dykes 
to minor streams excepting where faulting has interposed. Small-
scale topographic features in the Loch sunart area have been 
guided to a considerable extent by dykes, and on a lesser scale by 
the fewer crush-lines. At the s~e time, it is often difficult to 
assess the relative numbers of dykes in any particular area because 
of the variable nature of the exposures. 
The dykes usually possess a simple for.m. Where outcrops are 
curved, the sinuations are usually only of small amplitude. Very 
often, narrow seams of dolerite or lamprophyre occur on the same 
structural plane, separated by strips of country-rock. Two or 
more seams are rarely found in juxtaposition. True multiple or 
composite dykes have not been found. 
Joint-systems in the Loch Sunart dykes are characteristically 
rectangular. vertical joints running parallel to dyke contacts 
are usually best developed. Thicker dykes are more massively 
jointed. The glassy selvages marking the contacts of most of the 
dykes have yielded more easily to weathering processes. The 
latter has been facilitated by the finer, closer joint-faces in 
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the edge-rocks. Large, joint-bounded blocks at the centres of 
the wider dykes often weather in spheroidal fashion. Blow-holes 
and amygdales are not common in the Loch Sunart dykes. Xenoliths 
are rare and confined to material of the composition of adjacent 
country-rocks. The edges of some of the post-mineralisation dykes 
are autobrecciated. 
Minor intrusfuons of sill-or sheet-like form are eRtirely of 
pre-Granite age in the Loch Sunart area. It is possible that many 
were intruded as dykes and owe their present inclinations to later 
earth-movements. The absence of sills fr.om the post-Granite 
intrusions may be due to the relative ease with which the country-
rocks opened along existing structural planes or to the pressure 
exerted by great thicknesses of cover, since removed. 
METHODS OF INVESTIGATION. 
MapPing. - The mapping of the minor intrusions and mineral veins 
of the Loch Sunart area of Argyllshire was conducted for the most 
part on a scale of 6 inches to 1 mile. Sketch-maps of localities 
of particular interest were prepared on the 25-inch scale before 
photographic reduction. 
The characteristics of the Strontian Granitic Complex and the 
surrounding Moine Schists were entered on the maps only when the 
information was thought to be of value in the study of the minor 
intrusions and veins. The approximate geological boundaries 
between the main types of granite, gneiss and schist marked on 
Plate I were constructed in the main from the published maps of 
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MacGregor and Kennedy (1932) and Harry (1953), and Scottish l-inch 
Geological Sheet 53. 
Some 300 individual minor intrusions of post-Granite age are 
included on the main map, together with several of the many 
intrusions of pre-Granite age. In some places, the number of 
Per.mo-Carboniferous and Tertiary dykes is too great to allow 
individual mapping on the 6-inch scale. The majority of the dykes 
are well exposed due to their ease of weathering in the tough 
country-rocks. One or more dykes are invariably present in the 
beds of the numerous small streams, and in the road-cuttings around-
Loch sunart. Walls of dolerite and lamprophyre can be seen ih 
several places in the opencast workings of the Strontian Lead Mines. 
Difficulties of access prevented the examination of underground 
workings. usually, the broader dykes can be traced across-country 
for considerable distances, whilst the narrow seams forming the 
larger proportion of the Loch sunart intrusions are seldom exposed 
for more than 100 yards. 
An aid to the mapping of the dykes was provided by the use of 
a Hilger and Watts vertical force variometer. At the high magnetic 
latitude of Argyllshire, this instrument provided valuable 
information. It was established that the size and character of 
the magnetic anomalies recorded from some minor intrusions were 
characteristic of their rock types. The more important of the 
magnetic profiles and anomaly maps obtained are presented and 
discussed in the text. Magnetic anomaly contours, where drawn, 
represent lines of equal vertical intensity. Most of the minor 
int~sions traversed yielded magnetic anomalies ef sufficient 
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magnitude to make application of the usual corrections unnecessary. 
For a fuller interpretation of the magnetic anomalies of the 
Loch Sunart minor intrusives, the magnetic susceptibility of 
oriented samples was measured and the magnitude and intensity of any 
permanent residual magnetism possessed by them was deter.mined. It 
was, however, found practicable to carry out such an investigation 
on only a few selected samples. A brief discussion of the results 
of these measurements is given in Appendix c. 
Sketch-maps have been prepared of a number of localities in 
Argyllshire falling outside the limits of the principal mapped area. 
Visits to these localities were made on the direction of the reports 
of Wilson (1921) of mineral vein-basic dyke associations and from 
information kindly supplied·by Dr. A.G. MacGregor, Assistant 
Director of H.M. Geological survey. Dr. MacGregor also pointed 
out several districts of interest in Central scotland. Brief 
investigations of these districts, the results of which are 
described fun Chapter XIII, were devoted in the main to the sampling 
'-
of basic dykes at mineral ve~n contacts and the sketching of the 
geological environments. of the occurrences. 
For each group of minor intrusions post-dating the Strontian 
Granitic Complex of the Loch Sunart area, approximate figures 
dealing with the width, length, trend (by prismatic compass) and 
area and height of exposure presented by each individual intrusion 
have been tabulated. A general discussion of the overall results 
is given in Chapter ~· 
Sampling. - About 150 of the minor intrusions mapped in the Loch 
- 20 -
Sunart area have been sampled for the :preparation of thin sections. 
The sample numbers given on Plate I refer only to sectioned rocks. 
It can be seen that many of the intrusions have been sampled in 
several :places. Special methods of sampling were employed in 
order to illustrate significant petrological variations, 
particularly that of degree of mineralisation. 
Specimens of closely similar original composition were employed 
to demonstrate the progressive nature of the metasomatic reations 
taking place at basic dyke-mineral vein intersections. The dykes 
were therefore sampled near or at their centres and at :points along 
their strike up to vein contacts. In many cases, however, only 
the wall-rocks of the Loch Sunart dykes are mineralised. The 
comparison of samples taken perpendicular to the strike of dykes 
has been of less value to thi.s study because of the differences in 
mineralogical and chemical composition involved. 
The duplicate sampling of several non-mineralised dykes has 
served to illustrate minor :petrological variations significant in 
the classification of the lamprophyres and to suggest a genetic 
relationship between cam:ptonite and olivine-dolerite. The existence 
of intermediate members between the two latter petrological types 
became known only after a large suite of intrusions had been sampled. 
In the investigation of tne contact alteration effects in rocks 
bordering the Permo-carboniferous quartz-dolerite intrusiOns 
exposed around Loch sunart, sampling was conducted inch-by-inch out 
from the dolerite walls for distances of up to 10 feet, and 
subsequently at broader intervals as the gradient of thermal 
alteration declined. The detailed examination of the majority of 
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this suite of contact altered rocks rem~ to be made. 
Laboratory methods. - A number of standard methods and refine-
ments of existing practices of optical, chemical and allied 
techniques have been used during the present investigation and the 
following comments are intended to supplement their presentation 
in the text. 
Refractive index determinations were made on mineral powders 
using a sodium light source and Leitz-Jelly and Abbe refractometers. 
-
In general, a minimum error of ± 0.002 is inherent in refractive 
index values determined by this technique. The interval in the 
values of the standard liquids used was 0.005. In determining the 
composition of plagioclase feldspars, the least index of refraction 
(n2) was obtained on cleavage flakes perpendicular to either of the 
two orientations (001) and (010) which for practical purposes yield 
similar compositions at most po~nts along the albite-anorthite series 
according to the method of Tsuboi {1923). Optic axial angles were 
"· determined on a five-axis Universal Stage. The following notation 
is used in the presentation of refractive index values and ray 
directions; n, the refractive index of isotropic minerals; £ and 
~ the extraordinary and ordinary ray directions in uniaxial mineral~ 
na and nv, the refractive indices of these rays; oc, ~ and , the fast' 
slow and intermediate ray directions in biaxial minerals; n•, n~ 
and nf' the least, greatest and intermediate refractive indices of 
biaxial minerals. 
A Swift point-counter was employed in the modal analysis of 
some 200 specimens. Most of the dyke-rocks ahlil.ll:.ysed possessed an 
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average grain-size of o. 3 - o. 5 mm. which according to the work 
of Elliott (1952) involves an error of less than 10 per cent in a 
modal estimation. Chayes (1953), however, believes that this value 
is rather high. In each of the present analyses, 1,500 - 2,000 
points were counted and duplicate counts made in the case of 
chemically analysed rocks. The main value of the modal analyses 
of the Loch Sunart dyke-rocks ~ests in the averaged computations 
of mineralogical compesition of the several principal intrusive 
types (given in Chapter XIV), where errors of estimation may be 
virtually neglected. 
Mineralogical separations were effected by a combination of 
electromagnetic and heavy liquid methods. The isodynamic separator 
was found adequate in the preparation of virtually pure concentrates 
of several mafic minerals from one rock after careful standardisa-
tion of the grain-size of rock powders. 
The following expressions of grain-size are used throughout 
the text: "very fine" (below 0.1 mm. ); "tine" (0.1 - 0.3 mm. ); 
"small" (0.3- 1.0 mm.); "medium" (1.0- 3.0 mrn.); "large" (above 
3 mrn.). The majority of the Loch Sunart dyke-rocks fall into 
the fine- and small-grained categories. 
Most of the chemical analyses presented in this thesis are of 
homogeneous dolerite and lamprophyre dyke-rocks. Ch!bppings were 
taken from sectioned surfaces free of weathering products and 
mineral veinlets and ground to a grain-size less than B.S.S. 120, 
I 
dried at about 40gQand retained in a dessicator. It was noted 
that the larger grains of the powdered rocks tended to consist of 
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the h:arder mafic minerals; the susceptibilbd.ty of relatively large 
grains to phemical analysis, compared with that of smaller grains 
of the softer minerals (feldspars, micas and cblori tes in the rocks 
investigated) is thought to be questionable. 
The methods of chemical analysis adopted are described in some 
detail in A,ppendix n. The recently developed "rapid" methods were 
employed for all the analyses. Though possibly less accurate than 
expertly made analyses using traditional 11 classical11 methods,tl!le 
rapid methods are thought to be well suited to the assessment of 
comparative~:-·r chemical changes arising from the progressive mineral-
isation of the Loch Sunart dyke-rocks. It may also be noted that 
some of the mineral analyses listed in Chapters III and ~ are 
almost identical with those of minerals of very similar optical 
properties presented by previous authors. 
The rock analyses have been recalculated in all oases by the 
method of cross, Iddings, Pirsson and Washington (1902) and the 
C.I.P.W. symbol derived. In the case of lamprophyre dyke-rooks 
containing high proportions of mafic minerals which do not appear 
in the C.I.P.W. nor.m, and for mineralised rocks containing large 
amounts of carbon-dioxide, this method is not satisfactory. It 
was necessary to treat the carbon-dioxide values as essential 
components of the norms since it was not possible to deduce the 
proportions due to mineralisation or magmatic or weathering 
processes. Nevertheless, certain aspects of the result.s of the 
mineralisation of basic dyke-rocks appear to be surprisingly well 
illustrated by the C.I.P.W. norms. The introduction of potassium 
by the mineralising fluids is demonstrated by increases in 
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orthoclase in the no~ative feldspar molecule; no~ative pyroxenes 
show losses of calcium due to removal of this element to make 
calcite; free silica and corundum appear in the norms of strongly 
mineralised rocks and the composition of the no~ative carbonate 
usually corresponds with that determined optically. 
One example has been given in Chapter VII of the application 
of ionic percentages to the preparation of rock norms. This method 
has been developed principally through the proposals of Barth (1948), 
Rosenquis·t (1949) and Eskola (1954). The directions of the latter 
author were followed in the example given. It was found that 
the use of ionic percentages has little advantage over the direct 
examination of the weight percentages derived in the first instance 
by chemical analysis. The unit cell concept of Barth may have 
lent itself to the illustration of metasomatic processes involved 
in mineralisation but this author has unfortunately deferred his 
system to that of Eskola. 
' 
The special methods of Hess (1941, 1949) have been used in 
recalculation of the two clinopyroxene analyses made. The analyses 
of an amphibole and· a bi.oti te have been recalculated to standard 
compositions of 22 (O,OH) and 20 'O' respectively. 
A number of minerals were identified by standard X-ray powder 
methods summarised in Appendix B. Powder data .obtained for two 
pyroxenes, a biotite and an amphibole are placed on record with a 
view to a possible classification of varieties of these mineral 
species by. the powder method in the ~ttnture. 
pycnometrical methods were used in dete~the specific 
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gravities of small quantities of mineral powders. Those of rock 
specimens were found by weighing in air and water on a simple 
double-staged balance, the lower stage of which was permanently 
~ersed below water level in a large tank. 
NOTE. 
Locaiity references in the script and the reference grid 
covering the geological map of East Sunart and South Ardgour 
(see back cover) refer to the 1:25,000 scale map series. Most 
of the mapped area is covered by Sheet 23/78 s.w., but some 
references have been given to localities on adjoining sheets. 
The full National Grid Reference of Strontian is 7615/1615 
(5° 35'W., 56° 42'N.). 
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C HAP T E R II 
PRE-GRANITE INTRUSIONS. 
INTRODUCTION 
Intrusions pre-dating the Strontian Granitic Complex in the 
Loch Sunart area are divisible into three groups; lamprophyre sheets, 
hornblendic schist bands and mnphibolites. Lanpropbyre sheets occupy 
foliation planes, and in same cases bedding planes where evidence of 
graded bedding is forthcoming, in Moine Schists outside the 11 injection 
zone" west of the Strontian Granite :and are themselves weakly foliated. 
Hornblendic schist bands occur in moderately injected rocks near the 
Strontian Granite, while amphibol!ltes are particularly connnon in 
strongly injected gneisses east of the Strontian Granite and in w. 
Ardgour. The former are characterised by a strong schistosity of 
the mafic minerals, and the latter by the presence of large proportions 
of green hornblende exhibiting a poikiloblastic texture. 
·Foliated lamprophyre sheets represent by reason of their 
oontinuity and numbers, a large volume of what was probably intrusive 
basic material emplaced before foliation and metamorphism of the 
original sed~ents of the Moine Schists. Their general similarity, 
well-defined margins and the absence of sedimentary structures within 
them are features which preclude a sed~entary origin. It is 
however, remarkable that they should be confined so exclusively to 
foliation planes often relatable to original bedding. Hornblendic 
schist bands may have been narrow pelitic bands in the original 
sediments from which Moine schists and gneisses were derived. 
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This conclusion may be held to be supported by the large proportion 
of quartz present in most hornblendic schist bands. The presence of 
garnet and quartz in some amphibolites may support their sedimentary 
origin. 
Amphibolites and hornblendic schist bands may alternatively 
represent, on the basis of their geographical distribution relative to 
the Moine "injection zonett, original intrusive basic rocks now found 
elsewhere in non-injected Moine rocks as lampropbyre sheets. 
Petrographical differences between the three rock-types may therefore 
be a result of different gr~des of matamorphism (Kennedy 1949) acting 
upon basic dykes and sills intruded before Moine foliation (Phemister 
1948, 26). Insufficient work has been done on the pre-§ranite 
intrusions however, to make a definite state~ent. It is notable 
that MacGregor and Kennedy (1932, 106-107) have drawn a distinct line 
between pre-injection amphibolites and post-injection appinites and 
hornblende-lamprophyres which they compare with "HYbrid Rocks of 
Ach 'uaine TYpe"(Read 1925, 45-51; 1926, 154-166; 1931, 165-173) 
from Sutherland. APpinites and lamprophyres are together assigned to 
a magmatic phase related to, but earlier than, the intrusion ot tl'le 
strontian Granite. These authors have- not however, recognised the 
presence of numerous hornblendic schist bands which may represent a 
rock-type intermediate between hornblende-lamprophyre and amphibolite 
in an increasingly metamorphosed series relatable to the degree of 
proximity of the Moine "injection zone". 
The Strontian Granite intrudes foliated and injected Moine rocks 
(MacGregor and Kennedy 1932) and inclusions of foliated lampropbyre 
are found within it. Post-granite dolerite and lamprophyre dykes 
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can in many places be seen cutting the pre-tranite intrusions. 
FOLIATED LAMPROPHYRE SHEETS 
Occurrence,- Narrow sheets of foliated l~rophyre occur in large 
numbers along foliation planes in Moine Schists and can be followed 
for considerable distances in strike sections around Salen. A weak 
foliation seems to have been imparted to them by low-grade metamoey.T'. 
phi sm. Two ~amprophyre sheets were sectioned. One occurs as a 
short lensing outcrop (see fig. 9.5) in Moine Schists at Salen Pier 
(198877) and the other at the west s:Lde of a Tertiary dyke (see fig. 
12.11) at Rudha Aird Beithe (214872). 
PetrographY.- The foliated lamprophyre sheets consist. of grey, 
small-grained, aphanitic rock composed of green hornblende and 
sUbsidiary brown biotite set in a feldspar base. The margins of tbe 
sheets are not finer-grained than central rock but are sometimes 
schistose. Modes of the two sectioned lamprophyres are as.follows: 
Balan Pier Rudha Aird Beithe 
lamprophyre lamprophyre 
~ ~ 2853D 1027 
-
Feldspar 34.0 43.9 43.1 31.3 
Hornblende 52.1 47.8 32.1 45.0 
Biotite 6.6 2.0 12.1 12.'7 
Sphene 4.3 3.0 8.7 5.4 
Opaque minerals 2.0 1.2 4.0 5.6 
ACcessory minerals 1.0 1.2 
- -Carbonate 0.9 
- -
Xenamorphic feldspar grains average o. 3 mm. in diameter and 
form lens-like aggregates between clusters of hornblende prisms and 
- 29 -
FIG . 2 . 1 . - Foliated hornblende-lamprophyre 
Large prisms o~ partly altered green hornblende with 
interleaved biotites set in sericitised orthoclase . 
. . 
FIG . 2 . 2 . - Hornblendite 
Poikiloblastic hornblende and biotite.flakes altered 
to chlorite and pennini t e respectively as a result of 
partial mineralisation . Quartz and feldspar subsidiary . 
biotite flakes. Their outlines are difficult to distinguish except 
where sericitised. The feldspar has n2 = 1.542 (! 0.002) 
corresponding to calcic oligoclase, ~7, in sample 2853D. Neither 
orthoclase, sanidine or quartz were found in the rock powder. 
Feldspar is more abundant in samples (1030 and 2855D) of each 
lamprqphyre in which hornblendes are smaller. The Rudha Aird Beithe 
lamprophyre is small-grained throughout. Hornuende prisms in it 
average 0.3 mm. in length and form clusters up to 5 mm. long. 
Individual hornblendes reach 5 mm. in the Salen Pier lamprophyre. 
The hornblende of s~le 2853D.has the following optics: 
Pleochroism moderate; OC. yellibw-green, ~pale olive-green to olive 
green, 1 olive-green to dark olive-green; absorption CX~f!'-'1); 
~f\c = 24° (maximum of 10 readings); nD(. = 1.649 (:!: 0.002) ,n~ = 
1.671 (:t o.002); n~- noc. = 0.022; 2V(-) = 70° (estimated). 
Properties correspond to those of common green hornblende. 
The cores of hornblende prisms sanetimes show weaker colours. 
Granular opaque minelial forms fine rods orientated at right-angles 
to prismatic cleavages of hornblende in the Salen Pier lampropbyre 
(see fig. 2.1). Biotite flakes are often interleaved with hornblende 
prisms which they may have replaced. They average 0.2 to 0.3 mm. 
in ibength ( o. 6 mm. at a maximum) and are pleochroic from orange-brown 
to pale straw-yellow. In sample 2853D, they haven~= 1.633 (t o.oo~ 
0 0 
and 2V{-) = 0 - 2 (estimated) and the composition of the biotite 
probably falls centrally in Winchell and Winchell's (1951, 374) 
biotite end-member diagr~. The biotite and the hornblende of sample 
2853D are not easily separated by magnetic methods, suggesting that 
their iron contents are very similar. 
Opaque minerals are scarce except for a few large, sometimes 
rounded, pyrite crystals. Grains of sphene, 0.1 to 0.2 mm. across, 
are more common and usually occur near hornblende. Apatite needles 
occur in the feldspar of the Salen Pier lamprophyre. Well-formed 
mafites for.m 40 to 60 per cent of each lamprqphyre but are not present 
in two generations. The rocks have nevertheless most of the 
characteristics of lamprophyres. According to the proposed classific~ 
tion of lamprophyres (Chapter III), the Salen Pier lamprophyre is a 
biotite-bearing hornblende-spessartite and the Rudha Aird Beithe 
lamprophyre a biotite-hornblende spessartite. 
Chemistry. - Three analyses of lampropbyre sheets tram the Salen 
district have been made by the Geological Survey (Guppy and Sabine 
1956, 18-19: anals. 667, 668, 670). Biotite exceeds hornblende in 
one of the analysed rocks, otherwise the rock descriptions are very 
similar to those given above. The analyses show £hig~y Si02 and 
Jl2o3 , a rather low content of iron oxides and appreciable sulphur. 
Mineralisation. - One of the many foliated lamprophyres exposed 
on the north shore of Loch Sunart between Sailean an Eona and Rudha 
Aird Beithe is sheared and contSins large cubes and patches of iron 
sulphide (c. f. the sulphide mineralisation at the side of minette 
458, Chapter III). This small sulphide deposit is probably of 
Siluro-Devonian age. 
A few veinlets of carbonate and same aggregates of carbonate 
and sericite occur in the Salen Pier lampropbyre. They are probably 
connected with the weak mineralisation of camptonite dolerites which 
cut the lamprophyre (see fig. 9.5). The east side of the Rudha Aird 
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Beithe lamprophyre is sheared and followed by carbonate veinlets 
(see fig. 12.11) but samples from the centre of the l~prophyre are 
unaltered. In both eases, mineralisation is probably connected 
with the ~in period of epigenetic non-ferrous mineralisation in 
the Loch Sunart area. 
HORNBLENDIO SCHIST BANDS 
Occurrence. - Many thin bands of schistose rock occur in injected 
Moine gneisses north of the Strontian Granite. In general, they are 
best preserved in gneisses less contorted and injected than those in 
which hornblendites are numerous. The occurrence of those hornblendtlie 
schist bands examined in thin section is described below. 
The type representative of this group is cut by the northern 
branch of the Oorrantee Vein at the head of Allt Coire an t-Suidhe 
(307894). The vein at this point (see fig. 8.7) is several feet 
across and consists large~ of calcite stringers occupying crushed 
psmnmitic gneiss. The hornblendic schist band ~s 2 to 6 inches in 
width and follows a massive joint plane in the gneiss. Sample 309 
was taken 50 feet s. 20° w. of the vein at the mouth of Allt Meall an 
t-Slugain. Fresh, brown hornblendic schist gives way northwards 
along the strike of the band to mineralised white rock which was 
sampled ( 310) 6 feet from the vein. 
The southern branch of the Oorrantee Vein displaces a 2-foot 
schist band in the lower course of Allt Tarsuinn (307893). Sample 
270 wa·s taken 5 feet from the vein and 269 at the vein edge. Two 
narrow hornblendi~ schist bands (3/4 and 4) outcrop in the second right 
bank tributary of Allt Coire an t-Suidhe {see fig. 8.7) distant from 
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the corrantee veins. A partly mineralised band was sampled (12) 
from the mining excavation in upper Allt Tarauinn (313892). It 
follows a joint plane in gneiss and is directly comparable to a 
hornblendic schist band on the opposite wall of the excavation about 
20 feet eastwards (see fig. 8.7). Like hearby dolerite dykes, it 
has been affected by a small dextral fault. 
A narrow hornblendic schist band (82) outcrops on the northern 
wall of the Bmiddy Vein excavation at Fee Donald Mines (366898). 
Other bands (90 and 100) are followed by stringers of mineral vein 
in mine workings on· the banfts of Allt Feith Dho.mhnuill. Hornblendic 
schist bands appear to have been at least partly responsible for the 
present positions of the Fee Donald veins. Evidence for the westward 
continuation of the latter is provided by outcrops of weakly 
mineralised schist banda near Lochan Feith nan Laogh (samples 84 and 
88 at 349902 and 343906 respectively) and in the lower course of Allt 
Co ire Chaillich (sample 48 at 331906). A sample ( 68) of a hornblendic 
schist band was also obt~ed from the hanging wall of the Strontian 
Main Vein at Ruighe Raonuill (341891). 
Petrograppy. - The twelve hornblendic schist bands which have been 
sectioned all exhibit a certain degree of mineralisation. The 
fresher samples are brown-weathered, small-to medium-grain~d schistose 
rocks composed of hornblende prisms and biotite flakes aligned in a 
grey matrix of quartz and feldspar. Modes and estimates of the 
mineral composition of fresh and mineralised schist bands are given 
in Table 2.1. 
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TABLE 2.1. - Mineral com~osition of schist eands. 
Dyke No. 509 269 .. ~ ix ~ §ff 29!- §!X Sample No. 5o9 3lcr 27o-s69 i!. 
Degree of vecy 
Mineralisation weak strmg -medi'Ul.U-Weak weak strong 
-
weak 
-
Quartz 20 20 18.0 26.4 4 20 10 20 10 10 
Recognisable 5 2.0 8.4 
-
10 5 
j_lagioclase 
Remaining feldspar 15 17.6 10.1 11.6 20 
-
5 5 15 
Hornblende 27.9 - 21.8 18.1 36.1 30 25 20 30 25 
pseudomorphs 
Biotite 24.8 - 36.4 27.4 34.5 25 40 20 50 55 
Iron-titanium 3.0 4.5 2.3 5 5 5 
-
3 
axides 
Pyrite 
-
11 
- -
3 5 2 
Accessory minerals 1.'1 2 10.1 2 
-Ferromagnesian 3 
-
4 lO 5 
alteration produclB 
Interstitial and 1.2 5.1 1.4 
-
15 5 
Pein carbonate 
White mica 10 
Haematite 2.6 -
-Leucoxene 2 
-
.... 
Total ferromagnesian 
(15~ fi~~ alteration producte(l7~ 40 ~20 ~20~ ~20~ ~20~ ~20~ ~15~ T~tal carbonate (14 25 (8 17) 10 25 15 10 10 
x mode estimated; bracketed figures included elsewhere in mode. 
In thin section, distinct lens-like aggregates (0.1 to 0.2 mm. 
in average grain size) of tabular orthoclase (sanidine in sample 48) 
and plagioclase laths occur together with quartz grains ~etween 
aligned sheaves of biotite flakes and pseudomorphed hornblende prisms. 
The plagioclase of sample 309 has n2 = 1.642 to 1.550 (± 0.002) 
corresponding to a sodic andesine, Anz8-44, and is not accompanied by 
potash feldspar in the rock powder. Biotite flakes are sometimes 
wrapped around pods of hornblende, appearing replacive. Hornblende 
cleavages can still be seen in the weakly mineralised hornblendic 
schist bands (see Table 2.1). Relic patches of partly altered 
hornblende are distinguishable by their weak pleochroism and 
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interference c.~eurs (84) and in one case (48), an extinction angle, 
~Ne = (-)26o, was obtained on a less altered hornblende prism. 
Biotite flakes and hornblende prisms average about 0.6 mm. in length 
~ 
and sometimes reach 1 to 2 mm. In marked contrast to hornblende, 
biotite is only altered in the most strongly mineralised samples of 
schist bands. It is usually pleochroic from orange or orange-brown 
to pale straw-yellow and in sample 309, has nl = 1.629 (:1: 0.002) and 
therefore occupies a central position on Winchell'' s (1951, 374) biotite 
end-member diagram. The alteration of' biotite to perminite (82) is 
probably due to mineralisation. Specks of leucoxene along biotite 
cleavages probably represent original titani:t'erous magnetite :~.);;~'!>:<:.·_; 
which altered from biotite at a pre-mineralisation stage. 
Opaque minerals occur in small quantities ill schist bands as 
scattered grains averaging about 0.3 mm. across. Pyrite is 
subsidiary to iron-titanium oxides in the fresher samples. Apatite 
and sphene may be pre sent in small amounts. Other minerals listed 
in Table 2.1 are products of' the mineralisation of' hornblendic schist 
bands. 
Chemistry. - An analysis of' a weakly mineralised hornblendic schist 
band (309) is given An Table 2.2. Compared with a fresh example of' 
a schist band, FeO and Na2o are probably low and co2 , c·ao and KsO high. 
The writer was unable to find in the miterature an analysed free~ rock 
of' the same type as sample 309 having a comparable mineral composition. 
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TABLE 2.2 - Chemical and other changes during the mineralisation of 
a schist band. 
Degree of mineralisation. 
OEEMICAL ANALYSES 
Total (0 for S accounted for} 
Sp.Qr. 
C.I.P.W. NORMS 
quartz,corundum and silicates 
he 
il 
PY 
ap 
cc 
ru 
weak 
~ 
47.4 
16.14 
2.9 
1.0 
7.8 
9.2 
1.2 
o.7 
0.8 
1.1 
1.2 
0.15 
0.19 
5.7 
0.09 
99.51 
2.65 
86.7 
2~9 
2.3 
0.2 
0.3 
13.0 
strong 
310 
43.8 
17.1 
0.3 
0.2 
5.4 
12.9 
1.0 
6.3 
2.4 
0.5 
1.1 
0.12 
0.29 
9.7 
0.33 
101.36 
2.62 
74.0 
0.3 
0.3 
0.6 
0.3 
22.0 
1.0 
Mineralisation. - Hornblendic schist bands have been found to be very 
sensitive to processes of mineralisation and to constitute important 
trace rocks in the search for zones of mineralisation. Their colour 
index is directly referable to the degree of mineralisation they have 
undergone. The petrographical and chemical changes along hornblendic 
shhist band 309 from relatively fresh rock (309) to mineralised rock 
(310) are listed in Tables 2.1 and 2.2 respectively. The partial 
mineralisation of other schist bands follows an identical course. 
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Despite marked mineralogical changes along hornblendic schist 
band 309, there has been little or no textural disintegration during 
mineralisation. Carbonate veinlets are absent; 6alci te (nw =: 1. 658) 
is present solely as a metasomatic alteration product. Quartz occurs 
fresh and in the same amount in both samples. The resistance of' 
quartz to mineralisation may in part account f'or the preserv,ation of' 
the texture of' sample 310. Normative quartz corresponds to the modal 
amount when MgO is not made into MgSi03• The decrease .in s,i02 
between the two analyses probably represents a difference in original 
composition not attributable to a smaller quartz content in 310. 
Alternatively this decrease may be related to the partial conversion 
of' feldspar (309) to white mica (310). Assuming the white mica to 
have a composition corresponding to bydromuscovite, its replacement 
of' potash feldspar or sodic plagioclase would bring about a slight 
decrease in Si02 and increases in A1203, X20 and water between the 
chemical analyses. These changes can be seen in Table 2. 2. The 
white mica of' sample 310 occurs as small scaly aggregates of' bent 
lamellae among quartz grains, the ·position of' feldspar grains in 309 
(see f'ig. 2.3). Clusters of' calcite granules located in the same way 
suggest· that white mica represents only an intermediate stage in the 
alteration of feldspar to calcite during mineralisation. Upon this 
basis, potassium increases during mineralisation and then probably 
declines in the final conversion of' hornblende-biotite-schist to a 
carbonate rock. It is improbable that the difference of' 40 per cent 
in potassium represent~ a difference in original composition between 
the two rocks. That it is more probably due to the metasomatic 
introduction of' potassium by the mineralising fluids is supported by 
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bi bi-hb 
FIG. 2. 3. - Mineralisation of a schist band 
0·2mm 
ordinary 
lis;,:ht. 
camera 
lucida. 
The fresher rock (309) consists of foliae of biotite (bi) and hornblende (hb) pseudomorphed in 
carbonate and chlorite set between aggregates of quartz (qu), orthoclase (or) and plagioclase 
(pl) . Calcite and chlorite pseudomorph both biotite • nd hornblende in the mineralised rock (31~ 
while feldspars have been converted to hydromuscovite (mu) and hematite to leucoxene . 
the presence of approximately equivalent proportions of feldspar and 
feldspar pseudomorphs (in hydromuscovite and calcite) in samples 309 
and 310 respectively. Indirect evidence 1n support of this conclusion 
is provided by comparison with the similar chemical change& which have 
taken place during the mineralisation of orthoclase-free dolerites and 
lamprophyres (see later chapters) in which great increases in potassium 
cannot be related to changes in the proportion of potash feldspar. 
The increase in K2o is accompanied by a decrease in Na20 and an 
imcrease in CaO between the two chemical analyses. Unfortunately, 
most of the minerals present in hornblendic schist band 309 do not 
appear in the c.I.P.w. nor.m9 an abbreviated for.m of which is given in 
Table 2.2, following the standard method of recalculation. The 
increase mh calcium during the mineralisation of hornblendic schist 
band 309 is not an invariable feature of the mineralisation of Permo-
Carboniferous basic dykes and is here related either to metasomatic 
introduction by the mineralising fluids or to differences in original 
composition. It is notable that an increase in the hornblende:biotite 
ratio would result in a corresponding increase of calcium at the 
expense of magnesium and comparison of the two analyses shows that 
this change has Q,ctually taken place. No distinction can be made 
however, between biotite and hornblende pseudomorphs in sample 310 
and therefore a definite conclusion cannot be reached. Hornblende 
does not exceed biotite to the extent required by the CaO:MgO ratio 
of analysis 310 (assuming most of the calcium to enter hornblende and 
most of the magnesium to enter biijtite) in other schist bands (see 
Table 2.1). 
Hornblende alone is altered in sample 309. The close 
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relationships between hornblendic schist bands and other pre-~anite 
intrusions in which the ~phibole is always common green hornblende 
and the presence or relic green hornblende in same weakly-mineralised 
hornblendic schist bands suggests with considerable certainty that 
the pseudomorphed amphibole of sample 309 is a calciferous green 
hornblende. The prismatic outline of an amphibole is preserved in a 
pale green admixture of calcite and a ferromagnesian alteration product 
of unk:novvn type, probably a hydrated calcium-magnesium-iron aluminium 
silicate. The absence of interstitial or vein carbonate and the 
freshness of the other minerals in sample 309 suggests that all the 
normative calcite must be assigned to the alteration of hornblende. 
The remainder of the CaO (after making calcite and apatite) is 
presumably located in the hormblende alteratio:Q. product (along with 
smaller amounts of iron and magnesium) since the plagioclase in the 
rock is an oligoclase-andesine. Nearly all of the magnesium will be 
taken up by the relalvely fresh biotite since no carbonate other than 
calcite was found. Although the FeO of the chemical analysis is 
assigned to ilmenite and pyrite in the norm, only haematite was found 
in thin section, implying that the FeO is available for biotite. Even 
so the amount of FeO is insufficient for the amount of biotite in the 
rock. Mottling of the interference colours of biotite may therefore 
be related to loss of iron during mineralisation. 
The total iron in chemical analysis 310 is barely anough to 
account for the amounts of pyrite and leucoxene estimated from the 
thin section. Normative rutile is necessary to account for the 
titanium present. Titanium and manganese are probably present in the 
composition of the homogeneous alteration product of both the biotite 
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and the hornblende. The amount of calcium available for this 
alteration product, after deductions for calcite and apatite, is 
extremely small. There is proba~ly sufficient MgO in the chemical 
analysis to account for all the biotite of the fresher rock as a 
hydrated magnesium aluminium silicate but most of the original 
hornblende must have been converted to calcite in sample 310. Since 
the pseudomorphs of biotite and hornblende are indistinguishable in 
thin section, it seems likely that mineralisation has brought about a 
convergence in the composition of the pseudomorphs. This has 
presumably been affected mainly by transference of magnesium from 
biotite to hornblende pseudomorphs and would be aided by the proximity 
of the two minerals in the rock texture (see fig. 2.3)i 
Small amounts of anatase and sphene in sample 309 'are probably 
represented by leucoxene in sample 310. As in all other chemically 
investigated examples of mineralised intrusions in the Loch Sunart 
area, the most strongly mineralised rock (310) is characterised by a 
. 
several hundred per cent increase in the amount of sulphur present 
compared with fresh rock (309). There is little doubt that the 
increase in sulphur (assigned to pyrites in the norm) is connected 
directly with alteration of the rock by mineralising fluids. Changes 
in P2o5 and MnO between the chemical analyses of 309 and 310 are 
related tentatively to differences in original composition. 
It is concluded that the mineralising fluids affecting hornblendic 
schist band 309 cont~ed carbon-dioxide together with a small amount 
of potassium and a very small proportion of sulphur. Some calcium 
may have been introduced. Water was probably present in the fluids 
although it appears to have been absent from the fluids which 
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mineralised Permo-carboniferous dy~es (see later chapters). 
Mineralisation of the schist band has resulted in considerable losses 
of iron and smaller losses pf magnesium and sodium. The present 
position of elements lost during mineralisation is not known. 
A few additional features of the mineralisation of hornblendic 
schist bands are forthcoming from the other available examples. In 
weakly mineralised examples biotite shows pale shades of pleochroism 
and mottled interferenee colours and hornblende is converted to pale 
green pseudomorphs in various stages of ~ai~e~ation. Tiny leucoxenes 
sometimes occur along biotite cleavages (4). A stage of mineralisa-
tion intermediate between samples 309 and 310 is represented by 
sample 12. Although the latter was taken only a few feet f'rom a 
strong vein, biotite is still fresh and leucoxene absent. Feldspar 
is altered partly to white mica and partly to carbonate which also 
for.ms numerous veinlets. Hornblende is altered largely to carbonate. 
The original minerals of hornblendic schist bands may be 
arranged in the following series according to their susceptibility to 
mineralisation:;.. hornblende, feldspar, biotite, anatase and sphene, 
titaniferous magnetite. Quartz remains fresh during mineralisation 
and original iron sulphide appears to be wholly resistant to 
mineralising fluids. 
AMPHIBOLITES 
Occurrence. - Contorted bands and lenses of black, lustrous 
hornblende-rich rock are present in large numbers in strohg~y injected 
country rocks within the Moine Injection Zone. The field relation-
ships of the sliced samples are given below. 
.... 4lt -
A small ~phibolite (11) 6 ~eet in length, outcrops high in 
the north wall o~ the excavation along Allt Tarsuinn (313892) about 
5 ~eet ~om the ~or.mer position o~ the Corrantee Vein (see ~ig. 8.7). 
A similar band o~ rock occurs at the base o~ the south wall of the 
opencast same 20 ~eet west. Together with nearby Per.mo-Carboni~erous 
dykes, the amphibolite appears to have been dextrally faulted along 
the line later occupied by the mineral vein. A "whorl" of hornblendi1:e 
{70), 3 feet across, was sampled ~om the south side o~ Meall a 'Ghriuth 
(337894). Similar outcrops are common in the strongly injected augen 
gneisses north of the Strontian Lead Mines. A 2-~oot amphibolite 
(93) runs ~or 20 feet in the right bank o~ Allt Feith Dhamhnuill 
(369896) at the Fee :Dona:ld.Mines. 
Several of the numerous amphibolites in the area north of D~~ 
Glas measure 30 to 40 feet across and can be traced ~or distances'~f t 
mile in a westerly direction. The edge of one o~ them, riddled with 
pegmatites up to one inch in width, was sampled (86) from the north 
shore o~ a loch 300 yards N.N.E. of Druim Glas (358899). A broad 
hornblendite mass {46) is exposed 80 yards west of Glenhurich 
( 342915). A "dyke" o~ hornblendi te ( 29) I"WlS for 30 yards in 
injected Moine rocks on the south side of Meall a 'Ghriuth (331893) 
and at its west end is close to the veins of West Whitesmith Trials. 
A foliated intrusion (19) in the upper course of Allt Tarsuinn 
(312891) is cut by a robust aplite (see fig. 2.5) and together with 
nearby gneisses, seamed by carbonate (see ~ig. 8.3). Gneisses 
between this outcrop and the corrantee Vein are less mineralised, 
suggesting that the foliated intrusion was a more accessible 
structural plane for the mineralising fluids. 
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Petrography. - Amphibolites are small to medium-grained phaneritic 
rocks consisting essentially o~ green hornblende. The mineral 
composition o~ six sectioned amphiblblites is stated in Table .. 2.3. 
TABLE 2.3. - Mineral CCJillPOSition o~ am:ehibibllbtes. 
!1. 'Iff ~X §Ax ~X ~ 
Quartz 7.0 ~36 ~40 ~30 20 11.0 Feldspar 22.2 10 7.8 
Hornb.lende 68.8 40 66 60 40 65.3 
Biotite 6.8 15 2 Garnet 
- -
18 6.4 Opaque minerals 2.4 8 4 8 8 6.0 
,Accessory minerals 1.1 2 1 2 2 3.5 Carbonate 1.7 
-
Xmode estiniated 
xenomorphic quartz grains: average o. 2 mm. across and appear to 
be more common in garnet-amphibolites. Tabular albite-oligoclase is 
usually subsidiary to sanidine. Both feldspars are usually altered 
to a micaceous aggregate .. Orthoclase may be present. Poikiloblastic 
hornblende ~orms hypautanorphie plates, 1 to 2 mm. in diameter, 
enclosing small pieces o~ biotite, ~artz and altered ~eldspar. 
The plates have an approximate common orientation in thin section, 
re~lecting the weakly-~oliated macroscopic appearance. They average 
only 0.4 mm. across in sample 86 which may represent a partly chilled 
~aciee o~ an original basic dyke. 
has the ~ollowing optics: 
The hornblende o~ amphibolitee 
Pleochroism moderate: ()( pale yellow to yellow-green, (& green 
to olive-green, ~ green to dark olive-green; absorption ~>p>oc; 
~Ac = 23° (maximum o~ 10 readings in sample 29); 2V (-) = aoo -
7m0 (estimated ~ram sample 29). 
Patches o~·sanidine may occur in optical continuity in hornblende (70) 
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FIG . 2 . 4 . - General vie 1 of the Corrantee mine workings ( 310890) . 
urface exc vations olloii south (on the ri ht) and north 
branches o Corr ntee fein and accompanying basic dykeB. 
IG . 2 . 5 . - Con tor ted, black epidiori te band in ere~,r _psammi tes 
cut by a sinuous white aplite and narrow calcite strin ·ers 
in upper llt Tarsuinn, Corrs.ntee .ine (312~91). 
~·-. 
simultaneous with large sanidine grains containing small pieces of 
optically continuous hornblende, thus suggesting mutual replacement of 
the two minerals. Patches of fine-grained hornfels (prisms of 
hornblende in a sutured mosaic of quartz and plagioclase~ are 
present in the garnet-hornblendites. 
Biotite flakes are usually between 0.4 and 0.8 mm. in length and 
pleochroic fram pale straw-~ellow to orange-brown. They occur 
interleaved with hornblende. Cleavage planes may be occupied by 
spherulitic chlorite (48) or muscovite (29). Pink garnets occur 
in two amphibolites (46 and 29). In thin section, they are xenomorph~ 
and weakly birefringent grains sometimes (29) poikiloblastic to quartz 
and hor~blende. pyrites and magnetite occur as large, lobate (29) 
or sk~letal (70, 46) grains up to 1 mm. across. Apatite needles 
may be intergrown with biotite and hornblende (70). Equant grains 
of sphene are usually included within hornblende. 
Amphibolites 11, 70, 93, and 86 are quartz-bearing types; 46 
and 29 are garnet-quartz~amphibolites. The foliated intrusion 19 has 
a hornfels texture in thin section and may be an epidiorite. It 
consists of tablets of biotite and pseudomorphed hornblende Irisms 
scattered through a mosaic of quartz, oligoclase and a little 
orthoclase. 
present. 
Pyrite, apatite and a greenish-yellow epidote are also 
Chemistrz. - The description of an analysed garnetiferous hornblende-
schist (Guppy and Sabine 1956, 42-43: anal. 755) occurring near Salen 
corresponds fairly ·closelY with some of the amphibolites listed above. 
Iron oxides are notably high in the. analysis. 
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Mineralisation. - One of the amphibolites (ll) has been partly 
mineralised by the corrantee Vein. Light minerals are unaltered 
and there has been no textural disintegration. Hornblendes have been 
partly converted to pale green pseudomorphs in chlorite, serpentine 
and leucoxene (as grains along cleavage directions). Granules of 
weakly-pleochroic relic hornblende remain between cleavages (see fig. 
2.2). Most of the biotite has been converted to penninite showing 
Berlin-blues under crossed nichols. Both penninite and sphene ~are 
rimmed with leucoxene.. ·As in the case of hornblendic schist bands, 
hornblende has been most affected by mineralisation. The weakly -
foliated metamorphic ·texture of the amphibolite has been more resistant 
to disintegration than the textures of nearby dolerites which are very 
strongly mineralised at comparable distances from the Corrantee Vein 
(see Chapter V~11). 
The Corrantee Vein has also affected epidi.ori te 19 to a certain 
extent. The interference colours of biotite are mottled and hornblende 
has been completely replaced by a pale green admixture of chlorite 
and carbonate. Some titanomagnetite has been converted to leucoxene. 
Irregular veinlets of carbonate containing pieces of galena cut all 
other minerals. The hornfelsic texture and the large percentage of 
quartz distributed evenly throughout the rock are probably responsible 
for the lack of textural disintegration despite the presence of some 
20 per cent of carbonate. As with other mineralised pre-granite 
intrusions, biotite is seen to be considerably less susceptible to 
mineralisation than hornblende. 
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C H A P T E R I~I 
EARLY LAMPROPHYRE DYKES OF PROBABLE DEVONIAN AGE 
CLASSIFICATION 
The ilitinlsions assigned to the present group are in the main, 
definite dykes of lamprophyre containing biotite or green hornblende 
as their principal mafic minerals. The term 11 lampropbyre" has been 
defined by Knopf (1936, 1783) :t'or 11mesocratic and melanocratic rocks 
i.e., those containing more than 37t per cent mafites by volume- which 
are of perpbyritio habit and in which this porphyritic fabric :is the 
result solely of the recurrence of the maf'ic minerals in two generation~! 
The last-named characteristic is held here not t.o be an essential 
feature of lamprophyres. The mafic minerals - dark mica, clinopyroxendi 
amphiboles and olivines are characteristically automorphic and the 
classification of lamprophyres is based upon their rel~tive abundance 
and the nature of' the matrix in which they occur. The latter may 
consist of' potash feldspar, plagioclase, or an isotropic base. 
The outline classification of the main lamprophyre types gtven 
in Table 3.1 and used in this thesis, shows several slight differences 
from those given in the standard petrographical texts. The presence 
of titaniferous clinopyroxene or brown hornblende as the principal 
mafic mineral is restricted to camptonites and monchiquites and augite-
camptonite has been recognised as a distinct type of canu>tonite. 
Biotite-camptonite does not appear as a class name. In addition, 
previous authors have not always divided vogesites and spessartites 
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into augite-and hornblende-dominant typeso 
TABLE 3.1. - Outline Classification of the lampropnyres. 
Character of matrix Potash feldspar Plagioclase Feldspar-free 
p 
r ~iotite MINETTE KERS.ANTITE BIOTITE-
i ~------------------· ------~---------- -------------- _MQlfQfilgYl~~---n Diopsid~ and/or AUGITE- AUGITE-
c diG>psidib augite VOGESITE SPESSARTITE i ~-~----------------- -.---------------- -------------- r----------------p Green hornblende HORNBLENDE- HORNBLENDE-
a VOGESITE SPESSARTITE 1 r---·-----------------
-----------------
~------.-----.----
---------------
Ti tanaugi te AUGITE- AUGITE-m C.AMPTONITE MONCHIQUITE a ~------------------- ~~--------------- t--------------- ---------------f HORNBLENDE- HORNBLENDE-i Brown hornblende CAM:PTONITE MONOHIQUITE t 
e 
The class name of' a lamprophyre is deduced ~rom the character 
of the mafic mineral present in greatest volume in the rock and the 
character of the groundmass, as set out in Table 3.1. The full 
name of a lamj)lrophyre sample is obtained after a consideration of 
the relative volumes of the other mafites presento The following 
conventions have been observed in the naming of lamprophyres 
described in this thesis: 
(i) Mafic minerals additional to that one most abundant by volume 
are placed next to the class name of the lamprophyre in order of' 
greatest volume. Thus lamprophyre 829 (see Table 3o 2) is an 
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olivine-augite-minette since the volume of olivine is smaller 
than the volume of clinopyroxene which is in turn subsidiary to 
the volume of biotite. The latter is used in conjunction with 
the potash feldspar dominant matrix in determining the class name 
of minette. Limited employment of this principle has been made 
by Knopf (1936, e.g., 1768). 
(ii)Where the volume of a particular mafite is less than 10 per cent 
of that of the principal mafic mineral, the mineral is prefixed 
thus, biotite-bearing hornblende-spessartite. The latter name 
refers to lamprophyre 410 (see Table 3.2) which contains 3.9 per 
cent of biotite and 58.3 per cent of hornblende. The latter is 
used in conjunction with the plagioclase matrix in classifying t~e 
lamprophyre as a spessartite. Johannsen (1937, 37) has used the 
ratio 5:100 of subsidiary:principal mafic minerals in the same way. 
By these methods, the relative abundance of mafic minerals 
present in a modally analysed lamprophyre can be inferred from the rock 
name. The mineral composition of the groundmass of lamprophyres is 
defined less closely by the rock name. In general, most lamprophyres 
appear to possess a matrix which consists either of potash feldspar, 
plagioclase or an isotropic base. Where two or more of the latter 
form the matrix, it is considered best to use that one most abundant 
by volume in determining the class nrune and to discuss the others in 
the general description of the rock. Cuselites (Johannsen 1937, 190) 
contain approximately equivalent proportions of potash feldspar and 
plagioclase and form a group of lamprophyres intermediate in 
composition between minettes and kersantites. Such lamprophures 
cannot be dealt with systematically using the present classification. 
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The complete name of a lamprophyre can only be obtained from a 
fresh rock on which a modal analysis has been made. Rocks which are 
fine-grained or heavily altered may be placed within broader divisions 
of the classification. Characteristic pseudomorphs of essential 
minerals assist the detailed naming of altered rocks. Pseudomorphs 
of olivine, for example, are often present in considerable volume in 
lamprophyres. The fact that olivine is rarely descr.Lbed as the most 
important mafic mineral of a lamprophyre is reflected in the systems 
of classification of lamprophyres adopted by previous writers and in 
the present discussion, although Knopf (1936) and Johannsen (1937,35) 
have used the term "olivine-minette" to distinguish the presence of 
olivine in lamprophyres of this type. 
The probable Devonian lamprophyres of the Loch Sunart area fall 
into the minette, kersantite, vogesite and spessartite classes of 
lampropbyre. Full petrographical accounts of these lamprophyre 
types are given in the standard texts. Descriptions and names of 
such lamprophyres to be found in the literature are not always in 
strict accordance with the methodsof classification and nomenclature 
adopted here. Titanaugite has been stated to occur in minettes 
(Williams, TUrner and Gilbert 1954, 87) but if its volume is greater 
than that of biotite the lamprophyres cannot be minettes. Johannsen 
(1937, 188) has used the term ttquartz-kersantite" for certain 
lamprophyres. The use of quartz in the naming of lamprophyres is 
inconsistent with the present and also with moat previous classifica-
tions. While soda-minette and soda-vogesite have been employed as 
lamprophyre class names (Williams, Turner and Gilbert 1954, 87-88), 
no evidence of the predominance of sodic amphiboles or pyroxenes over 
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other mafic minerals in minettes and vogesites has been found in the 
literature. If such lamprophyres do occur, they could be fitted into 
the available space in the present classification. Odinites and 
mal chi tes can be treated as varieties of spessarti te ( op. cit. 88-89) 
but are not true lamprophyres. 
The distinction between the lamprophyre types spessartie and 
camptonite, depends upon the nature of the amphibole or pyroxene 
present (see Table 3.1). However, brown hornblende has been described 
as the predominant mafic mineral of certain spessartites by Flett 
(~.Geol.Surv.Scot. 1905, 125), KYnaston (Mem.~.~.Scot. 190S, 
119) and more recently by Phillips (1956, 107). Other general 
characteristics of the spessartite dykes investigated by these 
authors are unlike those of carqptonites into which class the dykes, 
on the basis of the present classification, might be placed. It is 
therefore desirable that the differences between spessartite and 
camptonite outlined in Table 3.1 should be amplified by additional 
petrographical criteria. Richey (1939, 418) has stated that "In its 
Panidiomorphic crystallisation camptonite resembles the (spessartite) 
lamprophyres; but in containing purple augite, brown hornblende, and 
a resid'lillin of analcite, often segregated in spots or 'ocelli', it 
differs from spessartite 11 • The sum of the distinctions between 
spessartite and camptonite afforded by tl1is description appear 
sufficient to separate the two classes. In general, however, 
spessartites do not contain brown hornblende in significant proportion& 
Further discussion of the problems of classification of camptonites 
and monchiquites is given in Chapter IX. 
It has sometimes been found that more than one of the long-
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established l~prophyre classes are represented within a single 
lamprophyre intrusion (Flett, 120 and Kynaston, 119, opera cita supra). 
Although none of the Loch Sunart lamprophyres appear to vary so 
greatly, division of the camptonitea into hornblende-camptonites and 
augite-camptonites has resulted in a few instances in the recording 
of both these types within single dykes. If the classification of 
l~propbyrea is to be strictly petrographical - as maintained in the 
present work - the naming of intrusions of proven variable character 
may be referred to the predominant lamprophyre type present, or to 
the character of the central part of the intrusion anm which chilled 
edges, for example may be regarded as differentiates. Flett (1900, 
885), by reason of the presence of both augite and hornblende dominant 
types among single CBliU)tonite dykes of the Orkney Islands, has 
deferred fram a division of the camptonites. The use of two or more 
names for single bodies of lamprophyre is nevertheless thought to be 
consistent with the petrographical classification. 
The classification of lamprophyres as outlined above need have 
no bearing upon the genesis of a lampropbyre type which it defines. 
The well-known Rosenbusch concept of the necessary genetical relation-
ships between individual lmnprophyre classes and plutonic parental 
bodies, questionable for the camptonites and monchiquites (see 
Chapter lX), may nevertheless be of significan6e with respect to the 
other classes of lamprophyre. The association of apeasartites, 
vogesites and kersantites, and leas commonly minettes with same of the 
"Newertt Caledonian GranJltes of Britain has suggested such genetical 
relationships to many writers. Lamprophyres of probable Devonian 
age occurring in the Loch Sunart area are for this reason tentatively 
- 51 -
assigned to a minor magmatic phase related to, but later than, 
intrusion o~ the Strontian Granitic Complex. 
Whether or nor the Rosenbusch inheritance concept proves to be 
o~ value in a discussion o~ the genesis o~ some o~ the lamprophyre 
types, its use in the classification o~ lamprophyres is undesirable 
since in several instances it has been shown to be very questionable. 
For example, both camptonites (~cent 1953) and spessartites 
(Phillips 1956) have recently been linked with proposed parental basic 
magmas, probably olivine-basalt. It is there~ore ~allible to 
distinguish between spessartites and camptonites on the basis of their 
respective parentages to calc-alkaline and alkaline plutonic bodies in 
the manner o~ Rosenbusch and other early workers. It is more 
desirable to classi~ a given lamprophyre only ~ram considerations o~ 
its individual petrographical characteristics (c.~. Knopf 1936, 1748). 
In extension o~ this suggestion, lampropbyre terms such as 
11 calcikersantite 11 used by Johannsen (1937, 188) to signify the 
association with. a gabbroic plutonic pare:nt of an intrusion which 
would otherwise be called a kersantite if it were of dioritic 
parentage, should be allowed to fall in t0 disuse. 
PYKES OF MINETTE 
Occurrence. - Of the four minettes found, two occur in tonalite 
and two in Moine rocks near the north-east margin of the Strontian 
Granite. General field data for this group of dykes is given in 
Table 3.2. 
The longest dyke (458) outcrops in the headwaters o~ Allt Coire 
nan Capull (376872) ~or a distance of 500 ~eet along the stream bed. 
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The dyke has been cleanly eroded from Moine quartzitic gneiss along a 
deep, parallel sided ravine. The ravine shallows where exposures 
die out upstream but the dyke is continued westwards for more than a 
mile in composite granitic gneiss as a narrow, grassy declevity at 
intervals along which the characteristic low positive magnetic anomaly 
of the dyke outcrop was obtained. .An isolated outcrop (113) was 
found in the continuation of the feature across Sgurr nan Chamh 
(391877). 
The type sample of minette dykes (458) was obtained from the 
centre of the above dyke, 220 yards upstream from the junction of 
Allt Coire nan Capull with its second left bank tributary. Post-dyke 
movement along the stre~ has crushed the lamprophyre with development 
of imbricate structure along the south side of the dyke. A lens of 
coarse iron sulphide follows the north side of the dyke at the sampling 
point. Schlieren of pale blue mylonite containing sutured quartz 
grains occur be tween the sulphide layers and suggest that mineralisa-
tion followed shearing of the quartzite. There is no definite 
evidence of the age-relationships of the sulphide deposita and the 
minette although it is probable that mineralisation followed crushed 
ceuntry rocks at the dyke margin. The observed post-dyke movement 
may be a result of reopening of a fault line initiated before dyke 
intrusion (and possibly mi~eralised at a similar date). 
Another minette (776) crosses the fork in the headwaters of the 
first left bank tributary of Allt a'Bhuic (373877). The dyke is 
strongly crushed and close joints run parallel to the dyke contacts 
in nearby gneisses. A marked depression running eastwards from this 
locality towards Allt a'Bhuic failed to yield a magnetic anomaly 
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characteristic of a minette or other type of dyke. Similar results 
were obtained over a sub-parallel feature midway between the 
Allt a'Bhuic and Allt Ooire nan Oapull lamprophyre outcrops. 
A third minette (829) cuts tona1i.te in the Strontian River at 
Arriund1e {351874). 
hanging wall. 
Narrow stringers of mylonite follow its chilled 
TABLE 3.2. - Field data for probable Devonian l~proppyre gykes 
e;posed near Strontian. 
468 7 6-8 
'~ 
776 3 
-
829 3 2-4 
?265 1 
-
387 3 2i-3 
688 33-4 
?465 {lanse) 
410 3 
-1 
Length(ft.) 
E.xp. ·Unexp. 
Apea(sq.ft~ Trend(deg.) 
Exp. Une.xp. Av. Ranse. 
(a) ll\di vidual d.yke a. 
400 
10 
50 
60 
20 
20 
20 
6,600 
100 
100 
2,800 46,200 S70W 
30 
160 
50 
60 
60 
60 
-
300 S50W 
. ' 
300 S80W 
S40W 
NSOW 
N40W 
-
N60W 
{b) Averages and totals. 
~ 
Elevation(f't.) 
Mill. Max. 
1,300 2,200 
1,120 
120 
820 
350 
750 
270 
670 
6 3i 2-8 570 6,800 3,210 46,800 N87W N40W-S40W 120 2,200 
(tot~l probable area, 
dykes 
(total width, 23ft.) 
50, 000 sq. ft.) 
Calcite veinlets (up to 1 em. in width) have mineralised the chilled 
edge. Samples 102, 103 and 831 were taken from this contact and 
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smnples 829 and 830 from the centre of the dyke in which granite 
xenoliths, 1 to 3 inches across, were found. The fourth minette 
(266) follows a joint plane in tonalite in the bed of Allt a'Choire 
Dhuibh (327886). Unlike the other minettes, it is foliated and may 
represent a schist inclusion in the Strontian Granite. No similar 
instances occur elsewhere in the Granite however, and the lack of 
alteration of the dyke by the adjacent tonalite, taken together with 
the manner of occurrence of the dyke, suggests that the latter is of 
post-eranite age. 
Petrograppy. - Minettes are orange weathered, fine*to small-grained, 
brown aphanitic lamprophyres. Automorphic biotite flakes· exceed 1 em. 
and quartz xenocrysts 3 em. in dyke 468. Dyke 829 is marginally 
chilled and granite xenoliths are present at its centre. Both 
quartzite and granite xenoliths are rounded and probably corroded. 
The mineral compositions of three minettes are given in Table 3.3. 
The petrographical and chemical characteristics of sampie 468 
have been examined in detail. The dark mica and clinopyroxene were 
separated using a magnetic separator and chemically analysed. 
X ray powder photographs of both minerals and of the magnetic grade 
of opque mineral were taken. A polished section was made to examine 
the opaque minerals and the refractive indices of all anisotropic 
minerals present were determined. A chemical analysis of therDck 
sample itself has also been made. 
In the thin section of the type sample (see fig.3.1) biotite 
flakes and diopside grains are scattered uniformly through a matrix 
of altered potash feldspar along with small amounts of »paq~F~~~des, 
apatite and carbonate. Tabular feldspar grains can sometimes be seen 
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qu. bi 
458 camerA lneida, ord. li .ht. 1mm 
FIG. 3.I.- Winette (45,) 
lakes and cro ;s-sections oP bioti t ('u.:.) 'Jet in "" base 
of orthoclas~ (or, nrn~~ent omitt d for clarificRtitn) 
alone v•i th Lr.t;lins of di.o side ( di) cmd iron ore (1 t). 
A]rqo .r·esent are scltterf'!d patches. of caleitA (cc) and 
a xenocryst of quartz ( qu) fringed l>y tiny diopsi des. 
with average dimensions of 0.3 x 0.1 mm. The separated feldspar was 
found to be much altered, (probably to clay minerals) and pale-red in 
colour with Carlsbad twins rarely discernible. Iif;has nee= 1. 522 
(± 0.002) and n~= 1.532 (± 0.002) in unaltered pieces and is therefore 
orthoclase. The possibility of anorthoclase is ruled out by the 
absence of multiple twinning. 
TABLE 3.3. - Mineral composition of probable Devonian lamprophyre dykes 
Dyke No. 
Sample No. 
458 
458-113 
-
Quartz 0.8 
Potash feldspar 39.6 46.0 
Plagioclase · 
Biotite 33.6 30.9 
Hornblende 
Clinopyroxene 17.5 16.8 
Olivine 
pseudomorphs 
Opaque minerals 4.1 4.1 
APatite 2.0 1.1 
Sphene etc. 
Carbonate 2.4 1.1 
Chlorite 
Per cent 
mafites 55.2 51.8 
829 ) 
829-830 ) 225 
15 
48.8 46.3 17 
4.5 
29.7 2'7.8 29.8 
26.0 
9.3 8.6 
3.6 5.9 
2.8 6.7 tr. 
2.1 0.5 
eM. 7.7 
3.7 4.2 
45.4 49.0 63.5 
38'7 
-
8 
43 
4 
13.2 
23.2 
0.7 
1.5 
6.4 
43.5 
588+·465 
8 8 
13 10 
35 35 
22 8.4 
14 29.8 
2 7.6 
4 0.8 
2 0.4 
42 46.3 
410 
10.'7 
22.7 
3.9 
58.3 
0.9 
3.5 
66.6 
+ mode estimated; the volumes of potash ~eldspar, plagioclase and 
quartz where present in the same rock, have been estimated. 
Nomenclature: 458 - augite-minette; 829 - olivine-augite-minette; 
255 - hornblende-minette (? hornblende-biotite-schist); 387 - bioPi~e-
hornblende-vogesite; 588 - hornblende-kersantite; 465 - biotite-
hornblende-spessartite (? tonalite); 410 -biotite-bearing hornblende-
spessarti te. 
- 56 -
Biotite occurs mainly in sections parallel to (010) but numerous 
sections parallel to (001) are also present. The ~lakes average 
0.2 to Oo3 mm. in length and hexagonal cross sections the same in 
diameter. The ~ormer have battlemented ends, a common characteristic 
o~ minettes assumed to signi~y magmatic corrosion. Tiny colourless 
acicular inclusions o~ low relie~ and high bire~ringence are 
characteristic o~ cross sections. Stringers o~ small opaque minerals 
occur along cleavage directions o~ the ~lakes. Presumably the iron 
oxides have resulted ~rom the weathering o~ biotite. It is absent 
~rom separated biotite grains which do not there~ore represent the 
true composition o~ the original biotite. Slight mottling o~ the 
biotite inter~erence colours is probably related to the separation 
o~ iron. Grain sur~aces are also slightly pitted. The biotite 
has the ~ollowing optics: 
Pleochroism strong:~ pale straw-yellow, ~= ~ dark 
olive-brown to dark reddish-brown; absorption CX<~ = ~ ; 
extinction parallel to ~ and the basal cleavage; 
n~= 1.642 C± o.oo2); 2V~~) = o-2° (average o~ 3 grains); 
sp.gr. = 2.93. 
Since np. = n 1f in biotite, the determined index can be substituted 
together with the speci~ic gravity in the end-member diagram for 
biotite (Winchell and Winchell 1951, 374). The two properties do not 
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correspond on the diagram, possibly because the biotite is in an 
altered state. A recalculation of the chemical analysis of the 
biotite (see Table 3.4) after correction for the presence of impurit~ 
gave the following formula: 
Ko.s3Nao.o6Mg3.41Fe''l.3oFe'''o.5sTio.ggCao.4oMno.o3sPo.ol6 
(OH)4.03Si4.78A12.4002o· 
The chemical fo~nula most closely approaches the theoretical formula 
for biotite (Brindley 1951, 143) when the constituents are grouped 
as follows: 
(K,Na) 0• 8g(Mg,Ca,P,Fe'',Fe''',Mn,Ti) 5•914(oH) 4 •03(Si,Al) 6 
(Al,Ti) 2 o20 • 
Some A1 is required to substitute Si. Consequently considerable Ti 
must be used to mru{e up the Al content required by the theoretical 
fbrnmla. The derived formula illustrates a remarkable deficiency of 
the (K,Na) group and conversely, an almost equivalent excess of the 
(Mg,Fe) grouping. This feature strongly suggests some substitution 
of the former by the latter but the co-ordinating properties of the 
elements concerned are such that this substitution is not theoretically 
possible. It is notable that the hydroxyl content corresponds close}¥ 
with that of the theoretical formula of biotite although it would be 
expented to be much higher if the biotite was weathered to any extent. 
The latter is actually thought to be the cas·e from the evidence of 
thin section and is supported by the marked deficiency of potassium 
in the formula. The biotite of minette 458 is compositionally 
midway between Winchell's (op.cit.sup.) four biotite end-members, 
the amount of the (Mg,Ca,P) grouping being only slightly in excess of 
the (Fe'' ,Fe''' ,Mn,Ti) grouping in the derived fornmla. Refractive 
index and specific gravity measurements support this conclusion. 
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TABLE 3.4. - Chemical and related analyses of biotite separated 
from minette, 458. 
Chemical Anal;zsis Molecular Nurnber of Number of Metal 
anal;y:sis calculated proportions 0 atoms cations atoms to 
I'ree or 20 
' 
o' 
lmpuritiesx 
Si02 35.7 36.0 0.598 1.196 0.598 Si 4.78 
Al203 14.8 15.2 0.150 0.450 0.300 Al 2.40 
Fe~o3 2.6 1.3 0.008 0.024 0.072 Fett'O. 58 Fe 11.4 11.5 0.162 0.162 0.162 Fe 111.30 
MgO 16.8 17.3 0.426 0.426 0.426 Mg 3.41 
cao 3.0 2.8 0.050 0.050 0.050 Ca 0.40 
~a0o 0.5 0.5 0.008 o.oos 0.008 Na 0.06 4.7 4.8 0.052 0.052 0.104 K 0.83 
H2o+ 4.4 4.5 OH •• 0.252 not included 0.504 OH 4.03 
·H2o- 0.4 0.4 - discarded 2 Tl02 4.9 4.9 0 .. 062 0.124 0.124 Ti 0.99 
P205 0.15 0.15 0.0010 0.0050 0.0020 P. 0.016 
MnO 0.34 0.34 0.0048 o.oo48 0.0048 Mn.0.038 
Total 99.69 99 .. 69 2.5018 
Sp.Gr. 2.93 
x Calculation of the purity of the biotite analysis: 
Biotite Diopside Orthoclase Magnetite 
VolUm.e per cent 97.0 1.2 0.6 1.2 
Sp.Gr. 2.93 3.13 2.55 4.27 
Weight per cent 96.5 1.4 0.5 1.8 
-added- subtracted 
Si02 1.3 0.7 0.3 
A1203 0.6 o.1 0.1 
Fe0o3 1.3 Fe 0.5 o.1 0.3 
MgO 0.7 0.2 
cao o.1 0.3 
K20 0.2 0.1 H2o+ o.1 TJ.02 0.2 0.2 
X ray data for the biotite (see A,ppendix B) correspond fairly closely 
with published results but there is not sufficient information 
available to tie up X ray and chemical data for biotite. The iron: 
magnesium:aluminium ratio of the biotite falls clearly within the 
11biotites associated with pyroxene and/or olivine" field of Nockolds 
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(1947, fig.l) for biotites from calc-alkali igneous rocks. 
compared with the biotite analysis from a minette reported by 
Noqkolds (1947, Table IV, No. 58) the ::·._ : ab.bN~ biotite is very 
deficient in potassium and shows appreciable differences in many 
other elements. 
The biotite is considerably more magnetic than the clinopyroxene 
due to a greater iron content. Iron oxide grains in the separated 
biotite powder are therefore more common than in the dbpside fraction. 
The per cent impurities in the final fractions of the two minerals 
were estimated by modal analysis of mounts of each powder. 
The clinopyroxene of minette 458 is a colourless diopside 
occurring as prisms averaging 0.3 rom. in length and as clusters of 
granules with sub-rounded outlines suggesting corrosion of original 
automorphic grains. Tiny granules of diopside border a quartz 
xenocryst (see fig. 3.1). Grains in the separated powder show signs 
of alteration. The diopside has the following optics: 
Colourless; ~~c = 41° (maximum of 5 readings); nDl = 1.684 (± 0.002), 
+ . + np.= 1.691 (- 0.002), n~ = 1.712 (- 0.002); n\( -noc= 0.028; 2V(+) = 560 
(average of 3 grains); composition oa48 Mg38 Fe14 (Hess 1949, Plate 1); 
sp. gr. = 3.13. 
A recalculation of the c~emical analysis of the clinopyroxene (see 
Table 3.5) after correction for the presence of impurities gave the 
following formula: 
(cao.9oMgo.7oFe 11 o.l2Fen'o.o5Tio.o4Mno.oo8Po.oo3 
Nao.o5Ko.o1Alo.o9) 1.971 (Sil.86AlO.l4)2 06 
There has been limited substitution of Al for Si and of iron for the 
(ca,Mg) grouping. 
- ·6o-
TABLE 3.5 - Chemical and related analyses of clinopyroxene separated 
from minette, 458. 
Chemical Analysis Molecular Number of Number of Metal 
analys1s calculated provortions. 0 atoms cations atoms to 
free of 6' 0 1 
49.7 
5.7 
2.0 
4.2 
12.7 
21.6 
0.7 
0.6 
Q.5 
0.4 
1.6 
o.oa 
0.27 
impur:itiesx 
50.3 
5.2 
1.7 
4.0 
12.7 
22.7 
0 .. 7 
Q.3 
Q.3 ) 
0.4 ) 
1.4 
o.o8 
0.27 
0.837 
0.051 
0.011 
0.056 
0.315 
0.405 
o.o11 
o.oo3 
discarded 
0.018 
0 .. 0006 
Q.OQ38 
Total 100.05 100.05 
Sp.Gr~ 3.13 
1.674 
0.153 
0.033 
0.056 
0.315 
0.~05 
0.011 
0.003 
0.036 
0.0030 
0.0038 
2.6928 
0.837 
0.102 
0.022 
0.056 
0.315 
0.405 
0.022 
0.006 
Si 1.86 
Al 0.23 
Fe 1110.05 
Fe 11 0.12 
Mg 0.70 
Ca 0.90 
Na 0.05 
K 0.01 
0.018 Ti 0.04 
o.oo12 P o.oo3 
0.0038 Mn 0.008 
X Calculation of the purity of the Clinopyroxene analysis: 
Vollume per cent 
Sp.Gr. 
Weight per cent 
SiOb 
Al23 
Fe0o3 Fe 
MgO 
cao 
K 0 
H2o+ T~02 
The chemical 
Clinopyroxene 
95.0 
3.13 
95.4 
-added-
2.5 
0.2 
0.2 
0.5 
1.2 
composition of' 
Biotite 
3.1 
2.93 
2.9 
Orthoclase 
1.7 
2.55 
1.3 
Magnetite 
0.2 
4.27 
0.4 
subtracted ---
1.0 0.9 
0.5 0.2 
0.1 0.2 
0.3 G.l 
0.5 
Q.l ,-, :J ~~/j 
o.1 0.2 
0.2 ... 
0.1 0.1 
the clinopyroxene falls at the iron-
rich end of the diopside field of the clinopyroxenes (Hess 1941, fig.l) 
Refractive index 
measurements give a composition of diopside:hedenbergite, 82:18 
(Winchell and Winchell 1951, 413) ~while on the basis of Hess's 
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(1949, Pl~te l) diagram combining index and optic angle measurements, 
the clinopyroxene is a salite.i Anomalies between the results may 
be partly accounted for by limited aluminium substitution which may 
also have caused calcium to appear in the derived chemical formula 
in slight excess over the theoretical formula. The chemical and 
optical properties of the above clinopyroxene are very little 
differen~ from those of augite containing small ~aunts of FeO 
(listed in Winchell and Winchell 1951, 416) but the presence of 50 
per cent of calcium in the derived~~o~ composition supports 
retention of the clinopyroxene in the diopside-hedenbergite series 
of Hess (op.cit.suP.•'~· ). 
this conclusion. 
X ray data (see Appendix B) also support 
The opque minerals of minette 458 are seen in polished section 
to be both sulphide and magnetite. The reflectivity of the isotropic 
sulphide corresponds to that of pyrite. Under oil-~ersion, minute 
exsolved granules of unknown comp?sition pit some of the larger 
magnetite grain~. The amount of sulphur in the rock (see Table 5.6) 
is somewhat less than the amount of pyrite in thin section. The 
magnetic fraction of iron-titanium oxides was found fran the X ray 
data to correspond almost exactly with magnetite (see Appendix B). 
The specific gravity of the separated sample was found to be 4.27. 
This result is ver,y low for magnetite but there is a considerable 
amount of pyroxene attached to the opaque minerals. The volume of 
opaque minerals in thin section is only moderate. They are scattered 
and xenomorphic, averaging 0.05 to 0.1 mm. in diameter (see fig. 3.1). 
A concentrate of apatite was obtained from the magnetic separation 
This mineral occurs as colourless needles reaching a length of 0.5 mm. 
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in thin section. It has n 8 = 1.632 (± 0.001) and nw= 1.635 (± 0.001) 
and is uniaxial negative. The refractive indices correspond to a 
composition of fluorapatite:hydroxylapatite, 90:100 (Winchell and 
Winchell 1951, 199) and a specific gravity of 3.18 (used in Table 3.6). 
A few irregular patches of carbonate showing rhombohedral cleavages 
occur in thin section. The carbonate is calcite, nw = 1. 658 ( ± o. 002). 
It may be a product either of weruc mineralisation or of late magmatic 
activity. The quartz xenocryst in the thin section of minette 458 has 
a sub-spherical outline at which tiny diopside grains are concentrated 
in the form of a narrow rim. This feature suggests that the quartz 
was present in the minette before crystallization was complete, growth 
of the diopside grains being retarded by the cold xehocryst. The 
outline of the latter also suggests a considerable degree of corrosion 
by mobile minette magma. Together with similar xenocrysts seen in 
hand specimen it was probably derived from nearby quartzite country roc~ 
The texture of minette 458 as in other Devonian lamprophyres, 
does not correspond strictly with that required for a lampropbyre as 
defined by Knopf (1936, 1783) since the mafic minerals are not present 
in two generations. The automorphism of the mafites and the nature 
of the matrix are nevertheless features characteristic only of 
ll:amprophyre s. It is notable that in all minettes~ vaguely-defined 
clearings in the distribution of the mafic minerals to reveal feldspar 
may mark an approach towards the ocellar habit of camptonites and 
monchiquites. 
The chief difference in the petrography of dyke 829 compared with 
that of dyke 458 is the presence of olivine pseudomorphs consisting 
of aggregates of carbonate plates with well-defined rims sometimes 
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followed by tiny opaque minera~ grains. The pseudomorphs average 
about 0.5 mm. across. The contact between a granite xenolith and 
dyke rock (sample 830) is not marked by local chilling of the dyke. 
Dyke 776 is seen in thin section to be fine-grained, biotite laths 
averaging 0.1 to 0.2 mm. in length, and rather altered. Granular 
aggregates of carbonate probably ~epresent former clinopyroxene and 
some small pseudomorphs in pale.,green serpentine may represent former 
bowlingite after olivine. Broad orthoclase laths average 0.3 x 0.1 mm 
and are less altered than in minette 458. The schistose minette (256) 
has biotite only slightly in excess of~een hornblende (see Table 3.2). 
Biotite flakes range in length from 0.1 to 0.4 mm. and are pleochroic 
from pale straw-yellow to dark reddish brown. They are associated 
with aggregates of hornblende prisms averaging 0.2 mm. in length and 
having~very pale-green, ,. yellow-green and X olive-green. A small 
wnount of albite-oligoclase occurs along with untwinned feldspar and 
xenomorphic quartz in leucocratic foliae. 
prismatic brown rutile capillary in form. 
A notable accessory is 
Chemistry. - An attempt has been made to deduce the chemical 
composition of minette sample 458 fran a consideration of the volume 
and composition of its constituents. The results are compared 
with an actual rock analysis (see Table 3.6). 
There is only moderate correspondence oo tween the computed and 
actual rock compositions. The main discrepancies are in iron, 
calcium, sodium, potassium, titanium and phosphorus. The high relief 
of the opaque minerals in thin section would be expected to account 
for a c$nsiderable degree of over-estimation at the expense of 
surrounding anisotropic minerals during modal analysis. 
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TABLE 3.6.- conmutation o:t: the chemical composition o:t: minette 458, 
or tho Biot Diep- lll!agne 
-clase ~ ~ -tite 
Volume 39.6 33.6 17.6 3.7 
per cent 
Sp.Gr. 2.56 2.93 3.13 4.27 
Weight 36.16 34.28 J9. 0'7 5.6'7 
per cent 
SiOS 22.48 12.38 9.58 
A123 6.64 5.22 ().99 
Fe~03 0.10 0.45 0.32 2.84 Fe 0.14 3.95 0.'76 2.83 
MgO 5.95 2.42 
cao 0.06 0.96 4.33 
-N~O 0.43 0.1'7 0.13 5.20 1.65 0.06 ~o+ 1.65 0.06 
H o- 0.11 o.l4 o.o8 T~02 1.69 0.2'7 
PO 0.05 0.02 do5 0.12 0.05 
002 
- - -s 
·-
Pyri Apat 
-tes -ite 
---
0.4 2.0 
5.02 3.18 
0.60 2.21 
0.30 
-
-
1.38 
0041 
0.42 
0.30 
-
Cal- Quartz Total Rock 
~ 
2.4 
2. 716 
2.2'7 
-
-1.14 
-
-
-
-
1.13 
anal.ysis_ 
o.8 100.0 
2.66 2.92 2.6'7 
0.74 100.00 
-
0.74 45.18 46.1 
- 12.85 12.4 & 3.'71 3.1 
- '7.98 6.1 
- 8.3'7 9.'7 
7.5'7 11.4 
- 0.'73 0.4 
6.91 4.4 
2.02 2.0 
0.33 0.4 
1.96 2.8 
0.49 1.93 . 
- o.Ch'7 o.11 
1.13 1.'7 
o. 30 o. 30 
Totals (0 :t:or s accounted :t:or in rock analysis) 100.00 l02. '76 
C.I.P.W. NORM (o:t: rock analysis): 
or 25.6l 
a'bb 3.4 - 48.2 
an 19.2 C.I.P.W. Symbol • • • III.5.4.2. di 11.0 ~- 31.8 b;y 20.8 Normative feldspar. • or53Ab7An40 
ol 1.2 
mt 4.6 l Normative pyroxene. • wo18En71Fs11 i1 5.3 - 10.4 
py. 0.6 FeO + Fe20~ x lOQ ~clinopyroxene ••• 31.0 
ap 4.6 MgO + FeO + Fe2o3 biotite •••••••• 42.5 
cc 3.9 rock •••••••••• 48.'7 
In addition, titaniferous magnetite would not be taken of:t: during the 
magnetic separation and has therefore not been recognised as a rock-
:t:or.ming mineral. These two factors are. held to account mainly for 
the errors in iron and titanium since they produce an excess of the 
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f'irst and a diminution of' the second. The amount of' apatite is 
exceedingly difficult to estimate from thin section. A reverse 
computation from the P2o5 value of' the rock analysis suggests that 
some 8 per cent of apatite is present in thin section. If the modal 
error in couting apatite is responsible for the whole of the phosphorus 
error in the computation, it would also account for the difference 
between actual and derived calcium values. The latter feature might 
also be attributed in part to the sporadic distribution of calcite. 
The chemical analysis shows that there is 50 per cent more calcite 
present in the rock than recorded by the mode. Important discrepanci~ 
in sodium and potassium were expected because the composition of the 
orthoclase was not known in detail. The orthoclase composition was 
actually taken from a published analysis (Guppj0r and Thomas 1931, 144: 
anal. 668). It is notable, however, that derived and actual values 
tor Si02 and Al2o3 show very close correspondence and that silicon 
and aluminium in the rock are principally located in orthoclase. 
This suggests that the actual potassium deficiency might be attr.Lbuted 
to weathering of' the orthoclase to clay minerals with consequent loss 
of potassium. The excess of sodium in the computed composition is 
directly related to the sodium content of the orthoclase analysis 
used. Presumably the orthoclase of minette 468 contains a smaller 
amount of sodium. It is interesting to note that the computation of 
the chemical composition of' camptonite 14 {see Chapter IX) when 
compared with the actual rock analysis contains discrepancies mainly 
of' the same type as those discussed above. 
A feature of' the C.I.P.W. nor.m is that a ~all amount of olivine 
appears due to the large &llDDUilt of K~O present in the chemical analysis. 
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The ~0 takes up much of the Si02 to for.m orthoclase, leaving the 
rock slightly undersaturated. The magnesium which is actually 
located for the most part in the biotite results in a normative 
pyroxene very rich in enstatite. Normative apatite and calcite 
probably represent the true amounts of these minerals in the rock. 
The rock analysis is comparable with the chemical analyses of two 
Post-carboniferous cornish minettes quoted by Guppy and Thomas (1931, 
49•50: anals. 184 and 185), and with an augite-minette from the 
Spanish Peaks Region, Co13rado (Knopf 1936, Table 12). 
Mineralisation. - No petrographical evidence was found of the 
mineralisation of minette 458 at its contact with the sulphide 
deposit described above. The field evidence suggests that mineralisa-
tion was epigenetic and probably took place in crushed quartzite 
previously intruded by the dyke. An X ray powder photograph of a 
sample (118) of the deposit (see Appendix B) showed the sulphide 
mineral to be marcasite. Comparable deposits are not mentioned in tbe 
relevant economic memoirs of the Geological Survey but a small pocket 
of iron sulphide is associated with a foliated lmnpropbyre sheet near 
Salen (see Chapter II). The scanty evidence available suggests that 
mineralisation of this type took place before intrusion of Permo-
Carboniferous dykes and may therefore belong to the Siluro-Devonian 
age period. The conditions of mineralisation giving rise to the 
marcasite deposit would involve precipitation from avid solutions 
under low temperature (Allen~~:~~· 1912, 1914). 
Small-scale carbon~te mineralisation of minette 829 is 
presumably related to the main period of epigenetic non-ferrous 
mineralisation in the Loch Sunart area (Permo-Carboniferous or early 
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Tertiary in age). The field evidence demonstrates that mineralisa-
tion followed the sheared chilled hanging wall of the dyke. A large 
slide (831) across the contact shows four well-defined zones, tonalite, 
mi~eralised mylonite, mineralised tonalite-minette breccia and the 
~oa:L~Se:di chilled edge of the minette dyke. Feldspars and mafic 
minerals in the tonalite are altered ·and plagioclase lamellae are 
bent and broken. The contacts between tonalite and mylonite and 
mylonite and minette are sharp and rectilinear. Tonalite fragments 
in the brecciated sone are surroanded by veinlets of calcite 
containing large patches of pyrites. Abundant tiny grains of 
leucoxene are common in· the mylonite zone. Automorphic pseudomorphs 
in the chilled edge of the dyke averqge 0.3 to 0.4 mm. across. 
They are occupied by plates of carbonate and probably represent 
original olivines, more numerous 1n the chilled edge, and probably the 
first mineral of the dyke to for.m. Tiny biotite flakes in the matrix 
of the chilled rock are heavily altered (in part to pennine with 
associated leucoxene) and cleavage traces are bent. Carbonate 
mineralisation has thus followed two courses, injection of the 
sheared zone and impregnation of the dyke-rock. · The tonalite has 
been considerably more resistant to mineralisation than the minette 
dyke. Although olivine pseudomorphs from rock at the centre of 
minette 829 consist of carbonate, the latter is not necessarily 
related to the mineralisation. The carbonate pseudomorphing diopside 
1n minette 776 may similarly be a result of intra-maamatic mineralisa-
tion brought about by the circulation of fluids rich in carbon-
dioxide late in the cooling history of.the dyke (c.f. Smith 1946, 
170). 
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Upon the basis of the little evidence available the minerals of 
minettes can 9e arranged in the following order of susceptibility to 
carbonate mineralisation (whether of epigenetic or autometwnorphic 
type) - olivine (probably as bowlingite pseudomorphs before mineralisa-
tion), diopside, biotite and potash feldspar. 
Age-~e~ationships. - Minettes are of post-~ranite age since one of 
them (829) intrudes tonalite of the Strontian Granite. This dyke is 
also mineralised. Two of the dykes (468 and 776) appear to intwde 
earlier fault lines (probably of Caledonian age) along which a small 
amount of post-dyke movement (pose ibly related to the date of fe.ul t1ng 
of Permo-carboniferous dykes) subsequently took place. One minette 
(458) has been shown to be cut by Per-mo-Carboniferous olivine-dolerites 
on the west side of Sgurr nan Cnamh (390876). Although the actual 
contact is not exposed, a close magnetometer traverse along the line 
of minette where it is crossed by the strike of the dolerite 
illustrates the changeover from the low positive anomaly of the minette 
to the low negative anomaly of the dolerite at the extrapolated 
junction. DYke 829 is probably cut by the Bellsgrove-An Torre. Ban 
Tertiary olivine-dolerite dyke which crosses the Strontian river 
upstream from the minette outcrop. Relationships with felsite dykes 
are unknown but it seems likely that minettes, together with dykes of 
vogesite, kersantite and spessartite represent the first intrusive. 
phase in the Loch Sunart a~ea after intrusion of the Strontian Granite. 
MacGregor and Kennedy (1932, 109) have grouped felsites and minettes 
together as dykes of Lower Old Red Sandstone age. Ramsay (1955) 
has demonstrated that minettes and spessartites of similar trend 
were followed by dolerites, caiJQ;>tonites and monchiquites. 
- 69 -
Dykes of minette are not common in Britain. Post-Carboniferous 
examples very similar to those described above occur in Cornwall 
( 11Newg_uay11 , Mem.Geol.Surv. E.& W.l906, 61; "Padstow11 , Mem.Geol.Surv. 
E.& W.l910, 62) and minettes occur late in the minor intrusive history 
of Jersey (Smitu 1936). Altered mica-lamprophyres are present among 
the minor intrusions associated with the Shap Granite (Morrison 1919) 
of pre-carboniferous age. Minettes of both Caledonian and Hercyian 
ages are thus present in Britain. Although the Loch Sunart examples 
may have been intruded at either date, the weight of evidence suggests 
that they are of the same age as lamprophyres of similar type associated 
with several of the Newer Granites of Scotland and referred to a Lower 
Old Red Sandstone "facies" (Richey 1939, 402). 
DYKES OF VOGESITE~ KERSANTITE AND SPESSARTITE 
Occurrence. - One vogesite, one kersantite and two spessartite 
dykes were found in the vicinity of Strontian. One of the spessartites 
occurs as a lens of dark rock (465) with ill-defined limite~ in 
tonalite near Achnalea (358845). Other members of this group are 
true dykes. The vogesite (387) occurs iR porphyritic granodiorite 
in the middle course of Allt na Meinne (331873). The second 
spessartite (410) outcrops in the upper course of Allt mo Nionag 
(338856), also in porphyritic granodiorite. The kersanite ocqurs 
in Moine quartzite (see fig. 8.8) in the lower course of Allt a' Chait 
(386841). It is not demonstrably of post-~ranite age but appears to 
belong petrographically to the present group. Its trend is parallel 
to that of nearby Permo-carboniferous dolerites (see Table 3.1). 
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PetrograPhY· - The rocks of this group are small to medium-grained 
and phaneritic. Prisms of green hornblende and brown biotite flakes 
in variable proportions are set in a matrix either of pink plagioclase 
(in the kersantite and the spessartites) or potash feldspar (lending 
an ash-grey colour to the gogesite). 
Modal analyses of the four rocks are given in Table 3.3. Small 
amounts of quartz present are associated with the feldspar base. In 
the vogesite, stumpy laths of orthoclase averaging 0.3 x 0.1 mm. 
(maximnm length 1.5 mm.) for.m a tabular base together with a small 
amount of albite-oligoclase. Lath cores are strongly sericitised. 
Much of the plagioclase base in sp~ssarti te 410 is also serici tised, -') 
but traces of albite twinning are present in most of the feldspar 
grains. The grain size of the ferromagnesian minerals is much 
smaller than that of the feldspars of spessartite 465 which is only 
distinguishable from tonalite country rocks by its more mafic 
character. A fairly large amount of orthoclase is present in the 
kersantite. 
Biotite and green hornblende are the only important mafites of 
this goup of dyke rocks. They are usually closely associated in thin 
sections although there is no preferred mineral orientation in hand 
specimen. In the vogesi te, they form glomerophenocrysts ~veraging 
0.5 mm. across (sometimes as much as 2.5 mm.) completely surrounded 
by orthoclase (see fig. 3.2). The biotite is strongly pleochroic 
from a pale orange colour to brown. 
has the following optics: 
The hornblende of the vogesite 
Pleochroism moderate to strong: ot pale yellow-green, ~ green 
to olive-green, ~ olive-green to dark olive-green; absorption 
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FIG . 3 . 2.- Biotite-hornblende-vogesite 
Glomerophemocrysts of biotite and green hornblende and small 
sphenes set in a matrix dominantly orthoclase with some quartz. 
FIG. 3 .3 .- Biotite-bearing hornblende-spessartite 
Green hornblende-biotite aggregates in an oligoclase base 
o<<fB~~ ;~Ac.= 22° (maximum of 10 readings); 2V(-) = 60°-70° 
(estimated). 
Both biotite and hornblende (particularly the latter) are very 
altered in the kersantite. Some alterati6n may have been brought 
about by partial mineralisation related to the small mineral vein 
exposed a short distance from the kersantite (see fig. 8.6). Some 
of the biotite of spessartite 410 may have replaced hornblende (see 
fig. 3.3). 
Opaque minerals (usually pyrite) are subsidiary to sphene which 
is characteristically associated with green hornblende. Small 
amounts of apatite and carbonate present are, by contrast, usually 
fonnd hear feldspar grains. 
The three lampropbyre classes represented by the four rocks 
described above are the result of variation~ the hornblende:biotite 
and potash feldspar:plagioclase ratios. Clinopyroxene and olivine 
are absent. The vogesite is almost identical with pre-Granite 
vogesites in thin section excepting for the presence of quartz. It 
has not however, the characteristic foliation of the earlier dykes. 
Age-aelationships. - Although the dykes of this group are of proven 
post-tranite age, their is no field e~idence of their upper age limit. 
Following the exmnple of Richey (1939, 402), they are included with 
the minettes, of earl)er age than W.N.w. trending dykes of olivine-
dolerite. 
East of Loch Linnhe, two groups of lamprophyres assigned to the 
Lower Older Red Sandstone period have been described. .The first set 
are sheets which appear to be earlier than the Moor of Re.nnoeh Granite 
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(Bailey and :Mau:f'e 1916, 141) while the second set are dykes 
intimately associated with the Ben Nevis swar.m of N.E. trending 
porphyrites and post-daning the sheets (Mem. Geol. SUDV· 1955, 49). 
The lamprophyre dykes are possibly earlier than intrusions of felsite 
but are thought to belong to the same general period of intrusion. 
In the Loch Sunart area, abundant lamprophyre sheets are of earlier 
age than the strontian Granite whilet a small n:mnber of lamprophyre 
and felsite dykes cut the Granite. The lead of the workers on 
U~ological Sheet 53 has been followed in the description of dykes of 
felsite as intrusions of later age than the lampropbyre dykes of the 
present group. 
Spessartite and vogesite dykes post-dating a Newer Caledonian 
Granite have been described from the Oban area (lem. Geol. Bury. 1908, 
116-121). Read {1926), King (1937) and M. MacGregor (1937) have 
described spessartites and kersantites associated with Newer Granites 
of s.w. Scotland, but more recently Phillips (1966) has linked 
spessartite dykes (containing brovr.n hornblende as the most important 
mafic mineral) occurring near the Criffel-Dalbeattie Complex with 
parental olivine-basalt magma. 
Upon the basis of the age-r,lationships of the Loch Sunart 
spessartite, vogesite and kersantite lamprophyres and comparisons 
with similar intrusions from other parts of Scotland, it seems most 
probable that this group of dykes are of Lower Old Red Sandstone age 
and that they may be taken to represent a minor magmatic phase related 
to, but later than, intrusion of the Strontian Granitic Complex. 
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CHAPTERIV 
FELSITE DYKES OF PROBABLE DEVONIAN .AGE 
-
occum.enee.- A small number o~ lengthy dykes o~ orange-coloured 
felsite occur in the Loch Sunart area. The dykes trend between 
west and south-west and measure 10-30 ~eet in width. A 15-foot 
example is crossed by a w. N. w. trending quartz-dolerite on the 
south side of Coire na Creiche (398867). Exposures near the 
contacts are obscured, preventing examination o~ the possible 
thennal effects of the quartz-dolerite upon the felsite. ~he 
latter makes a conspicuous resistant feature in gneisses to the 
west. In places, it has weathered to a loose scree of small 
orange fr~ents, a result o~ the close internal jointing 
characteristic of felsite dykes. Red gashes on either sl.de of 
Co ire an Iubhair meet in .Amhain Coire an Iubhair ( 430854) as a 
felsite dyke 20 feet in width, weathered to a smooth white pavement 
in the stream bed. The dyke margins are finn and slightly 
undulating against unaltered gneiss. Although the outcrop is 
only about 500 yards N.E. o~ the mineralised doleri tes o~ Nead na 
h-Iolaire, it is entirely free from carbonate veinlets. The dyke 
continues westwards to Garbh Choire Mor (419853) and is cut bythe 
feature representing the continuation of the Nead na h-Iolai.re 
W.N.W. trending olivine-dolerite dykes (424853). TWo small 
Patches o~ felsite were ~ound on the hillside north of Invertm.da. 
One outcrop (447835) was sampled (124). 
Long dykes of falsi te occur south of Glen Tarbert where they 
are cut by W.N.W. trending dolerite dykes (Scottish Geologi'Gal Sheet 
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53) and are also shown by Ma~egor and Kennedy (1932, fig. 1) 
cutting rocks of the Strontian Granite south of Loch Sunart. 
Petrography.- The fe1si te dyke-rocks are orange-coloured, fine-
grained types in which a moderate proportion of small quartz 
grains can usually be discerned. Glassy selvages contain 
nume roue tiny quartz grains. 
The sectioned felsite (124) is a fine to small-grained rock 
consisting of laths of sodic plagioclase and grains of quartz 
together with a little muscovite. The constituents are frequently 
spheruli tie in habit so that the rock may be called a spberuli tic 
felsite. Sane of tbe unsliced dykes may be quartz-felsites. 
Mineralisation.- No instgnce was found of mineralisation 
associated with dykes of felsite. 
Age-relationships.- MacGregor and Kennedy (1932, 109) have a~signed 
the felsite dykes occurring within the Strontian Granite to the Lower 
Old Red Sandstone period og igneous, activity together with dykes of 
minette ( see Chapter III). Elsewhere on Sheet 53 (Bailey and 
Maufe 1916, 142), felsi tea are included among pl'Obable Lower Old Red 
Sandstone intrusives of later age than foliated vogesi tea and 
spessartite sheets and also possibly post-dating a ~w dykes of 
lampropbyre similar in type to the probable Devoriian lamprophyres 
of the Loch Sunart area. Felsite dykes accurring near Stront~ 
are cut by quartz-dolerite and olivine-dolerite dykes of probable 
Demo-Carboniferous age. As in the case of tbe Devonian 
lamprophyres, the felsites may conceivably represent a phase of 
magmatic intrusion related to, but later than, the intrusion of 
the Strontian Grani ti;;c Complex. 
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CHAPTER V 
QUARTZ-DOLERITE DYKES AND BOSSES OF PROBABLE PERMO-CARBONIFEROUS AGE 
Definition. - A small number of large quartz-dolerite intrusiv.es of 
pre-mineralisation age were found in the Loch Sunart area. The dykes 
are closely comparable with the Permo-Carboniferous suite in Central 
Scotland. 
Bosses or plugs of probable cylindrical for.m are widely scattered 
throughout the area. All but one of the dykes occur in approximate 
strike continuation along a single system of intrusions of quartz-
dolerite and olivine-dolerite where they vary from 30-400 feet in 
width. Only some post-mineralisation quartz-dolerite dykes are of 
comparable size. The dykes trend W.N.W. and the bosses are often 
elongated in the srune direction, like other pre-mineralisation 
dolerites and lamprophyres of probable Permo-Carboniferous age in the 
Loch Sunart area. Both the bosses and the dykes were probably 
intruded at much the same time in the geological history of the area, 
in the interval between the Devonian felsites and lmnprophyres and 
the Per.mman (or late carboniferous) camptonite-monchiquite swarm. 
Their age-relationships with other Permo-Carboniferous dolerites are 
difficult to assess, but in central scotland, the quartz-dolerite 
dykes post-date dykes similar in type to the latter. 
Quartz-dolerite bosses of probable Permo-Carboniferous age have 
not been recorded outside of the w. Highlands .. (MacGregor 1948, 136). 
They are very similar to the dykes both petrographically and in the 
way intruded gneisses and granites have been thermally altered to a 
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very high degree. In extreme cases, a 30-foot dyke may be bordered 
by country-rocks altered to distances of 15-25 feet from its margins. 
The intensity of the alteration (see Appendix A) suggests the 
possibility that the level of exposure in the Loch Sunart area is 
closer to the source of the quartz-dolerite magma than in any other 
area of Scotland where similar quartz-dolerite intrusives have been 
found. 
Unlike the dykes, the bosses are often finer-grained at their 
centres and acidic differentiates now occupy their joints. The 
magnetic profiles of the two intrusive types are also dissimilar. 
Occurrence. - Five bosses or plugs o:f' quartz-dolerite were encounteral 
in the Strontian district (A-E in Table 5.1). Those intruding the 
strontian Granite north of Loch Sunart were mapped by MacGregor and 
Kennedy (1932, fig.l) together with three others south of the Loch. 
One of the latter group was examined at Beach (277760). Most 
attention has been paid to the bosses exposed near Strontian. For 
the purposes of the present description, they have been named 
respectively the Ben Resipol (295888), Lochain Dubh nan Dubhan 
(365860), Bellsgrove Loch (355892), Longrigg (310868) and Drumnatorran 
(332858) quartz-dolerite bosses. The occurrence of the two bosses 
west of Salen was kindly pointed out by Dr. A.G. MacGregor. One 
occurs 3 miles s.w. of Salen (see fig.9.4) at Camasinas (165844) and 
the other at Gortenfern (see fig. 9. 6) , 6 miles N. 60° W. .of Salen. 
The quartz-dolerite bosses form low, grassy hillocks rising 
above country-rocks of granite, schist or gnemms, despite heavy 
weathering of surface exposures. Their comparative resistance to 
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TABLE 5.1.- Field data f'or Permo-Carboniferous quartz-dolerite bosses 
Boss -
Elevation (ft.) 
- max. 
- min. 
Diameters (ft.) 
- max. 
-min. 
-.3 Area (sq.ft~10 ) 
Grain-size 
variation 
Frequency of 
veinlets, etc. 
Country-rock 
Width of 
fusion 
No. of W.N.W. 
dykes in iml. 
Range in mag. 
anomaly( gamma) 
A 
1650 
1550 
500 
300 
llB 
B 
lOBO 
1040 
Boo 
500 
314 
small small 
low low 
pel. ton. 
? 3 
2 0 
n .d. 
c 
lo40 
9BO 
1100 
700 
605 
D 
700 
650 
BOO 
150 
94 
E 
200 
100 
Boo 
250 
157 
F 
Bso 
550 
G 
100 
0 
H 
50 
0 
n.d. n.d. n.d. 
tl II tl 
" It tl 
mod. large large mod. large large 
very 
high high high gigh n.d. 
,;. ; ~- ~· .. , 
very 
high 
in.gn. ton. p.gr. bi.gr. pel. pel. 
? 5-10 .20 ?5 n.d. 20 
4 9 12 5-10 n.d. 10-15 
2BOO 950 1250 n.d. tl n.d. 
Total probable area, A-E, about 1~300,000 sq.ft. 
n. d. - not determined. 
A- Ben Resipol; B- Lochain Dubh nan Dubhan; C- Bellsgrove Loch; 
D- Longrigg; l'~iDr.reil; F- Beach; G- Camasinas; and H- Gortenfern 
boss. Pel.~ pelitic Moine Schists; in. gn.- injection gneisses; 
ton.- tonalite; p. gr.- porphyritic granodiorite; bi.gr.-bibtite-granite 
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weathering agencies may be attributed to their compact form. 
Northern edges of most of the bosses are exposed at greatestelevation 
whereas central parts are sometimes followed by a stream or mar~ed 
by a depression, occupied by a loch in the case of the Bellsgrove 
Loch boss (see fig. 12.6) ~. It is notable that the centres of the 
bosses are often more fine-grained and enriched in pyroxene. The 
site of a small loch at the centre of a Tertiary dolerite plug in 
N.w. Mu~l (Richey 1930, 361-362) has been considered to be related 
to the presence of a post-intrusion fault-line, but no evidence of 
the dislocation of the Loch Sunart bosses has been found • 
. surface exposures of the bosses approximate to an oval form and 
their areas have been calculated on this basis (see Table 5.1). 
Presumably they are cylindrical in three dimensions and possess more 
or less vertical contacts. 
they are closely-welded. 
Where the boss contacts are exposed, 
Consequently little can be said concerning 
the manner of intrusion of the bosses. Discrete or corroded 
fragments of' country-rock have not beeri found within the body of the 
intrusives and there is no evidence of associated explosive activity. 
some comparison may be made6 however, between the Loch Sunart bosses 
and the agglomerate-filled necks and monchiquitic plugs of Central 
.AYrshire ("Central AYrshire", Mem.Geol.Surv. Scot. 1949, 103-6). 
Examination of scottish Geological Sheet 14 reveals that the vents and 
plugs are most numerous where the intruded Carboniferous strata are most 
heavily faulted. Colliery records have also shown that one of the necs 
appears to narrow downwards, resulting in an inverted cone strUcture 
("AYrshire Coalfields, Area IV", Mem.Geol.Surv.Scot. 1932, 45-46). 
Lines of structural weakness in the Loch Sunart country-rocks 
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are restricted to crush zones and foliation directions in Moine rocks 
and rectangular jointing, together with a few crush zones, in rocks 
of the strontian Granite. The Bellsgrove Loch boss is bordered on 
its ·south side by a feature continuation of the Strontian Main Vein 
over which a remarkable magnetic anomaly was obtained, suggesting 
the site of a structural dislocation of considerable magnitude (see 
T.l, fig. 5.1). Marked features occur in the Moine Schist intruded 
by the Ben Resipol boss and crush zones in the schists have been 
exposed by tributary streruns originating near and on either side of 
the intrusive body. The boss exposed 1,200 yards N. 15° w. of 
LOngrigg farm is situated in tonalite at the latter's unexposed 
(probably f'aul ted) boundary against porphyritic granodiorite which 
yielded a strong magnetic anomaly (see T.77, fig~5.1). The 
granodiorite intruded by the Drumnatorran boss in the lower course 
of Allt mo Nionag can be seen upstream to be reddened and crushed. 
Dislocation of the country-rocks in this case may however, be 
connected with intrusion of the boss. Aerial photographs of the 
ground in the vicinity of the Lochain Dubh nan Dubhan boss show that 
~ortant divergent, possibly fault features are present in the 
intruded tonalite. 
The position of each of the five Loch Sunart quartz-dolerite 
bosses which have been studied would therefore appear to be connected 
with same kind of pre-existing line of weakness in tbe intruded 
country-rocks. FUrther discussion of the mechanics of' intrusion 
of the bosses is inhibited by the lack of critical evidence. 
The quartz-dolerite of the bosses is characterised by a 
rectangular joint-system. The two sets of' vertical joints present 
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quartz=dolerite intrusives in the Loch Sunart area 
run approximately parallel to maximum and mininrum diameters of each 
boss (usuallY W.N.W.-E.S.E. ~d N.N.;m.-s.s.w. respectively). The 
mean direction of elongation of the Loch Sunart bosses is about N.75° ~ 
Dark, fine-grained basaltic veinlets (see fig. 5.2) or light coloured, 
coarse quartzo-feldspathic schlieren (found only in Gortenfern boss, 
see fig. 9.6) follow the joint-planes with variable frequency (see 
Table 5.1). The' veinlets preserve widths of up to 9 inches (usually 
1-2 inches) for distances of several yards, whereas the schlieren 
swell and pinch out irregularly along the joints. 
Additional features of the field occurrence of quartz-dolerite 
bosses are listed in Table 5.1 and the results of the magnetic 
investigations are discussed below. Bosses A-E in Table 5.1 are 
arranged in a series governed by order of decreasing elevation. Some 
features of their occurrence appear to be controlled by the altitude 
factor but all the bosses of Morvern, Sunart and E.Ardnamurchan 
require detailed examination before the conclusions at first sight 
-..·suggested by the data contained in Table 5.1 can be confirmed. It 
is notable that w.N.w. trending dykes of probable Permo-Carboniferous 
age are more frequent around those bosses exposed nearer to sea-level. 
Quartz-dolerite dykes of probable Permo-Carboniferous age are 
broad, W.N.W. trending dykes which have strongly fused their country-
rocks. All but one are restricted to a six-mile system of dykes 
consisting of alternate strips of ol-ivine-dolerite and quartz-dolerite 
along its strike, grouped together in the present description as the 
Bellsgrove-Inversanda dyke system. Similar quartz-dolerite dykes 
have been mapped north of the Loch Sunart area, near Loch Shiel(B.Uifmqsprogr 
geol. Sury. 1953, 36) and elsewhere. 
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The Bellsgrove-Inversanda dyke system intrudes gneisses along a 
line tangential to the N.E. edge of the Strontian Granite. It crosses 
several water-sheds in rugged country, 300-2,600 feet above sea-level, 
sand for much of its length is followed by streams giving good 
exposure. streams follow individual narrow olivine-dolerite dykes 
and have often selected the contacts of the broad quartz-dolerite 
dykes. The latter make three sections of the dyke system, two at 
the w.N.w. end, a'hd.each side (see fig. 12.6) of' Bellsgrove Loch quartz-
dolerite boss (355892) and a third across the head of Coire na Creiche 
(359870) separated f'rom the others (see Plate 1) by a section 
consisting of dykes of the olivine-dolerite group. Sections of' 
olivine-dolerite form the E.S.E. end of the dyke-system. Although 
the total probable length of quartz-dolerite is only a little greater 
than that of olivine-dolerite (see Table 5.2, (d)), the average width 
of the former is same eight times greater than that of the latter. 
The maximum probable width of a single quartz-dolerite dyke (see fig. 
5.9), exposed on the. south .side of Sgurr nan Cnamh (393873) at a 
height of 1800 feet above sea-level is nearly 400 f'eet. This value 
is considerably higher than any recorded for analogous ~kes of 
Central Scotland (Walker 1935, 136). Sections of the Bellsgrove-
Inversanda dyke system falling on Scottish Geological Sheet 53 are 
treated as a single intrusion which at the Sgurr nan Cnamh occurrence, 
"swells to 100 f'eet or more" (Bailey and Mauf'e 1916, 213). The 
thickness of the Coire na Creiche quartz-dolerite can be 4irectly 
related with altitude of' exposure. 
lower elevations. 
Thinner sections outcrop at 
The sinuous crop of the dyke-system (see Plate 1) can in part be 
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FIG . 5 . 2 . - Small-grained quartz-dolerite of Drumnatorran 
boss (332858) cut by a fine-grained veinlet on the left . 
FIG. 5 . 3 . - Strongly fused tonalite at the northern edge 
(bottom right) of Drumnatorran boss, progressively less 
altered away from the contact (top left) . 
accounted for by relating trend to the effects of ch~ng relief of 
exposure upon direction and angle of hade. In the case of the 
quartz-dolerite members, the hade at hybridised contacts is always 
to the s.s.w., at 85° or more. Exposures of quartz-dolerite at low 
altitudes in the Strontian Valley (367887) and in Coire na Creiche 
(395870) are displaced to the s.s.w. with respect to strike 
continuations over higher ground. In the same~ way, exposures of 
olivine-dolerite on low ground at the sides of Gleann Feith 'n Amean 
(408860) and Coire an Iubhair (431848) and in Allt a' Gharbh ~hoi~e Mhdr 
(419855) swing to the N.N.E. compared with more elevated arike 
continuations. The olivine-dolerites hade steeply to the N.N.E. 9 
By contrast, those dy~es exposed across fairly level ground, such 
as the quartz-dolerites of the Bellsgrove Loch district, have a linear 
crop. Thus by taking into account the different hades of the dykes 
of the system, present exposures would approximate to a straight line 
when reduced to a common elevation. 
Variation in country-rock appears to have had little effect upon 
the direction of intrusion of the components'of the Bellsgrove-
Inversanda dyke system. The Allt a'Bhuic quartz-dolerite follows a 
contact between psa.mmi tic and composite granitic gneisses for a short 
distance (375883). Areas of oligoclase-biotite-quartz-gneiss (Harry 
1953, Plate XIV) are transgressed without change of direction. The 
anticlinal structure suggested to be present in gneisses east of the 
/ 
Strontian Granite (Bailey and Maufe 1916, 85) is crossed without 
variation of trend by the Coire na Creiche quartz-dolerite. The 
western termination of exposures of the dyke system occurs aganst the 
post-mineralisation Glenhurich-Achnalea quartz-dolerite dyke 
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TABLE 5.2. = Field data for Permo-carboniferous quartz-dolerite Qykes 
exposed near Strontian. 
Width(ft~. Length(ft.). Area (sg_.ft.) 
Av.Range Exp. Unex;p. Ex;p. Unexp. 
.Trend(deg. )Elevatio~~~ 
Av. Range. Min. ~ 
(a) Components of the Bellsgrove-Inversanda dyke s~stem. 
Nbb .... 
West of 20 15-25 1,300 1,400 26,000 28,000 N64W N80W 1,000 1,20o 
Bellsgrove 
Loch 
N40W-
Bellsgrove 40 30-60 6,ooo 2,400 
Loch to Sgux-r 
250,000 100,000 N69W N80E 350 1,200 
a 1 Bhuic 
N20W 
Sgurr nan 250 20-390 5,200 1,000 1,300,000 250,000 N53W N70W 1,600 2,000 
Cnamh to 
Gleann Feith 
'n Am.ean 
Longrigg 150 J20-175 
dyke. 
(b) Other dykes. 
700 600 105,000 90,000 N76W - 600 700 
(c) Averages and totals. 
N20W-
4 dykes 115 15-390 13_. 200 5 40.0~ 1 68~ 000 4.68 000 N65W NBOE 350 2 000 (total widtn;a-nou~ 4(3o I~ {to'tal pr615al3Ie area,2,I50,000 sq.!'t.J 
(d) 
Quartz 110 15-390 J.2, 500 4, 800 1, 576,000 350 2,100 
dolerite 
N40W-
Olivine 
dolerite 
14 3-30 7,600 7,500 l08,000 104,000 N67W N82W 300 2,600 
(e) Averages and totals for dYkes and bosses of 
Permo-Carboniferous quartz-dolerite. 
9 intrusives total width, 
about 2,360 ft. 
total probable N70W. 
area,3,450,000 sq.ft. 
100 2,000 
(see Chapter XII) on the smtth side of Druim Glas (349897). Magnetic 
.investigations suggest the presence of W.N.W. trending dykes in broad 
features on the north side of Beinn Ruighe Raonuill (344898) and 
associated seams of olivine-dolerite outcropping in the middle course 
- 84 -
FIG. 5.4.- Pelitic gneisses strongly ~used against the 
wall-like N.E. edge of Gorten~ern quartz-dolerite boss, 
6 miles N.6o W. o~ Salen. 
FIG. 5.5.- Allt a'Bhuic in the middle distance is 
followed by quartz-dolerite dykes extending across 
the Strontian Valley from Bellsgrove boss (357892). 
of Allt Coire an t-Suidhe (306903) may mark further extension of the 
dyke-aystem westwards as a section of olivine-dolerite. 
The break-up of the single quartz-dolerite dyke followed by the 
.lower course of Allt a 'Bhuic into several dykes upstream (see fig. 
5.8) may be related to pre-existing structural lines in the gneisses 
of this district (376883). The welded contacts of the quartz~ 
dolerites against adOacent gneisses have probably destroyed any 
evidence of breccia~n or ~~~shing of the gneisses before intrusion. 
'¥'~1"'~~-. 
Some of the olivine-dolerite members have been intruded al0ng earlier 
lines of dislocation. Mineral veins occur between o~ine-dolerite 
seams on Garbh Bheinn in horses of smashed gneiss and the probable S.E. 
extension of the Garbh Bheinn dykes occurs in an areaof injected 
gneisses (448838) where broad W.N.W. - E.S.E. trending crush belts 
are common. The decease of the Garbh Bheinn dolerites (see fig. 
5-10) on the floor of Gleann Feith'n Amean (408861) is marked by a 
N.E.-s.w. dislocation in the gneisses. The dykes are later than the 
fault movements since seams of olivine-dolerite are "stepped" along 
irregularities in the gneisses. 
Although the available evidence is inconclusive, it suggests that 
the components of the Bellsgrove-Inversanda dyke system may have 
intruded a major pre-existing fault line. The striking field 
heteromorphism of the dyke system is heightened by the lack of 
petrographical gradations between quartz-dolerite and olivine-dolerite. 
EV~dence of composite or multiple intrusion of the two types was not 
found, nor were xenoliths of one type ever found to occur in the other. 
That contacts between the two types are nearly vertical is suggested 
by the presence of olivine-dolerite and quartz-dolerite dykes at 
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FIG . 5 . 6. - uartz-dolerite boss 
Normal rock, consisting of andesine and altered augite , 
has a gradational contact against a fine-grained acidic 
veinlet (on the right), altered and rich in quartz grains . 
FIG . 5 . 7. - Quartz- dolerite dyke 
Medium-grained assernbl age of andesine laths, augite 
grains , iron 1o~ides,, interstitial quartz and chlorite . 
similar altitudes on either side of the Sgurr nan Cnamh watershed 
(392875). 
One W.N.W. trending quartz-dolerite dyke additional to those 
discussed above was found in the Loch Sunart area. It occurs ! miles 
N. 20° w. of Longrigg (313857) and runs parallel to Longrigg boss 
exposed immediately north. Tonalite country-rocks are strongly 
fused at the north side of the dyke. 
Magnetic investigations. - The magnetic profiles of Permo-
Carboniferous quartz-dolerite intrusives (and others drawn for this 
thesis) are corrected only for diurnal and temperature variations. 
The magnitude and direction of any permanent residual intensity of 
magnetisation have been measured ::only on a few samples)(see Appendix 
C), although tt is well known (Birch, Schairer and Spicer 1942, 294-
297) that basic igneous rocks often possess high ee.manent magnetiza-
tiona in addition to high magnetic susceptibilities. Uniform 
induced magnetisation has been assumed and the possible effects of 
demagnetisation neglected. Additional correcpions due to unevenness 
of surface topography or to "turbulent" magnetisations in the quartz-
dolerite (Graham 1953, 256-259) have not been made. Discussion of 
these factors given by Vincenz (1954, 1956) and Bruckshaw and Robertson 
(1949) suggests that the. data obtai ned during the present inve.stigati:o.na 
may nevertheless form the basis of certain conclusions. 
The variation in magnetic vaLues over the quartz-dolerites (and 
other intrusives) of the Loch Sunart area must in the first instance 
be a result of variation in the proportions and susceptibilities of 
contained ferromagnetic minerals (op.cit., 318). The distributiG.n 
and susceptibility of magnetite, the principal ferromagnetic mineral 
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or the quartz-dolerites, shows certain similarities along approximate 
north-souhh magnetometer traverses in the four·bosses investigated}. 
The finer-grained facies of quartz-dolerite developed at the centres 
of the bosses may be responsible ror the marked changes in magnetic 
values over the centres since variation in the grain-size of magnetite 
has been shown to affect the mineral's susceptibility to magnetisation 
(Ra~ 1956, 1110). 
In the latitude of Britain, the present direction of the Earth's 
magnetic field would be expected to magnetise the Loch Sunart 
intrusives with positive poles (and therefore highest magnetic values) 
along south sides and negative poles (accompanied by low magnetic 
values) at north sides. The opposite is the case in at least two 
of the quartz-dolerite bosses profiled on fig. 5.L, and in most of the 
dyke profiles (e.g., T.59, fig. 5.1). It can be concluded that the 
intrusives are reversely magnetised, suggesting that much of their 
intensity of magnetisatJon is remanent magnetisation stabilised in a 
direction opposite to that of the Earth's present magnetic field. 
There may well have been more.than one period of magnetic reversal 
subsequent to the intrusion of the Loch Sunart Permo-Carboniferous 
quartz-dolerites (c.f. Vincenz 1954). 
Magnetic values over the quartz-dolerite bosses are, in general, 
highest at north sides and second in order of magnitude at,south 
sides, whilst a third peak often occurs at or near boss centres. 
The peaks and troughs of the prc:dles are complementary relative to 
backgroUnd vaiEs of intruded rocks. Low magnetic values are 
characteristic of contacts. The central anomaly, a trough or a peak 
bounded laterally by troughs,is, of greatest width in those bosses 
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which are more elongated (Drumnatorran and Longrigg). Strong negative 
anomalies at the south ends of traverses T.l and T.77 respectively, 
may be connected with the presence of faults. In general, the 
bosses exposed at greatest elevation demonstrat·e the greatest range 
of magnetic values (see Table 5.1~. 
Despite the variability of the boss profiles, they are neverthele$ 
distinguishable from those obtained across W.N.W. trending quartz-
dolerite dykes (c.f. T.79 with the other profiles of fig. 5.1). A 
traverse along the strike continuation of the Allt Ruighe Spardain 
quartz-dolerite dyke westwards towards Bellsgrove Boss (see fig. 5.5) 
revealed no sharp change in magnetic values (see T.5, fig. 12.6). A 
feature within the boss coincides with the extrapolation of the dyke 
westwards, suggesting that the dyke may penetrate the boss. The 
north-south spread of the central positive peak of the boss (see T.l, 
fig. 5.1) corresponds to the width of the positive part of the north-
south profile across the dyke (see T.6, fig. 12.6) where it is 
outside the boss. Basaltic veinlets, absent from the dyke in Allt 
Ruighe Spardain, were however found in quartz-dolerite exposures on 
the supposed dyke continuation. The lack of magnetic variation in 
the dyke-to-boss traverse suggests hhat the boss may be a swelling in 
the dyke and that both intrusions were emplaced at much the same time. 
The absence of baSaltic veinlets from the dyke disfavours the common 
magmatic or~gin or contemporaneity of intrusion of the two bodies, 
although this characteristic may be related to differences in the 
cooling history of two intrusives very dissimilar in size. 
The presence of a flush, intrusive contact between dyke and boss 
might be held to account for the lack of variation along T.5. 
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Contacts of the boss elsewhere against gneisses are marked by 
pronounced negative or positive anomalies (see T.l, fig·. 5.1 and T.4, 
fig. 12.6). · Magnetometer investigations on the west side of Bellsgrove 
boss demonstrate the dying-out of the W.N.W. trending quartz-dolerite 
dyke running along the south side of Druim Glas (see fig. 12.6) at a 
point some 2QQ.yards from the N.w. contact of the boss. It is 
possible that the apparent offsetting of this dykem·lative to the 
dyke on the west side of the boss and its abrupt termination at a 
distance from the boss are a measure of the greater dimensions of the 
boss underground. However, only "background" values were obtained 
over the terrain immediately west and north of the boss. The fact 
that the dykes west and east of the boss would in strike continuation 
cut through the boss is nevertheless suggestive of their disruption 
by the later intrusion of the boss. If on the other hand the boss 
was emplaced before the dykes, the latter on intrusion would from 
structural considerations more probably have encircled the boss than 
penetrated it. It is doubtful, from the magnetometer evidence, 
whether a "screentt of gneiss now separates Bellsgrove boss from the 
dyke at its eastern edge. 
Although no definite conclusions concerning the age-relationships 
of Bellsgrove quartz-dolerite boss and associated dykes can be reached, 
the weight of field and magnetic evidence may be interpreted to 
suggest later intrusion of the dykes. There is no information on 
this subject available in the literature. 
The magnetic pro1'iles of the quartz-dolerite dykes of this group 
are characteristically rectangular in shape, negative anomalies 
coinciding with dyke contacts and moderate positive anomalies with 
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actual dyke-rock. The magnetic maxima developed at northern edges 
are sharp while the sourthern negative anomalies are broad and obtain 
for distances from the margins (see fig. 5.9). In contrast to the 
strong variations at the centres of the bosses there is little 
variation in magnetic values over the central parts of the dykes, 
probably due to the absence of finer-grained, pyroxene-enriched rock. 
The actual values obtained in magnetometer traverses across quartz-
dolerite dykes and adjacent country-rocks vary from 0-1,200 gamma 
above and 0•600 gamma below those of intruded gneisses. 
Field measurements across olivine-dolerite and hornblende-bearing 
olivine-dolerite dykes of the Bellsgrove-Inversanda dyke system were 
restricted by reason of their narrowness. By measuring a large 
number of seams using single magnetometer stations, a range of 
values was obtained similar to those obtained from quartz-dolerite 
dykes. Although the vahles were usually 0-500 gamma above or below 
those of intruded gneisses, some positive values over actual outcrops 
reached 1,000 gamma. "Background" values over intruded gneisses 
appear to be modified only within a few feet of dyke contacts as in 
the case of horses of gneiss separated by parallel seams of olivine-
dolerite. A closely-spaced traverse across associated seams of 
olivine-dolerite is therefore able to reveal by the number of marked 
positive or negative magnetic values in the profile, the number of 
dyke seams present. 
Distinction between quartz-dolerite and olivine~dolerite by the 
magnetic method appears to be possible when magnetometer traverses 
can be made across the width of the intrusions in unexposed grom1d 
where their presence is suspected. The partj.cular problem of the 
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intrusions of the Bellsgrove-Inversanda dyke system was to trace 
quartz-dolerite dykes up to their contacts with dykes of olivine-
dolerite, the two intrusive types being aligned in strike continuation 
with one another. Since the ranges of magnetic values afforded by 
known occurrences of the two rock-types overlap, the magnetic method 
was unable to supply the required information concerning the nature 
of the contact of the two rock-types. Certain aspects of the results 
embodied in figs. 5~:8-10 are nevertheless worthy of mention. 
At the place where passage appanent~~ occurs from quartz-dolerite 
into olivine-dolerite in the middle course of Allt a' Bhuic (see fig. 
5.8), the single quartz-dolerite dyke exposed do\vnstream appears to 
split at least four times, giving off more southerly branches in each 
case, and. the closely-spaced trio of olivine-dolerite seams outcropping 
upstream have ramified into about a dozen dykes separated by wide 
areas of gneiss. The zone of intrusion of the two types, less than 
50 feet across elsewhere in Allt a' Bhuic, is nearly 1,000 feet in 
this area. 
The nearest exposures of the two rock•types are about 100 yards 
apart on the south side of Allt a' Bhuic (378882). Both sets of 
dykes run in directions markedly divergent to their continuations. 
The characteristic reddened appearance of the comparatively well 
exposed gneisses dies out at a distance of 50 feet east of the most 
easterly quartz-dolerite outcrop. A well~defined feature(see fig. 
5.8) connecting the nearest exposures of olivine-dolerite and quartz-
dolerite yielded highly variable magnetic values along its length, 
suggesting marked changes in rock types and pos~ly the presence of 
crush~nes. Profiles across the gully suggest that the quartz-
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FIG. 5.8.- Passage from auartz-dolerite to olivine-dolerite 
Uncorrected magnetic anomalies over dykes south of Sg-urr a' Bhuic. 
dolerite dies out at the point whe~e fused gneisses pass into 
unaltered gneisses. Seams of olivine-dolerite appear to run up to 
the edge of the quartz-dolerite but the magnetic evidence is unable 
to indicate which rock type is transgressive to the other. 
The connecting feature is flanked on either side by parallel 
topographical eX!.pressions which may be 'attributed to the weathering 
of igneous intrusions or crush zones in the relatively more resistant 
normal gneisses. Intrusion of both the quartz-dolerites and the 
olivine-dolerites appears to have been controlled by the same pre-
existing line of weakness. The divergent trends of the anastomosed 
members of botn· types of dyke are probably closely connected to 
complexities in the fault zone followed by the Bellsgrove-Inversanda 
dyke system in this district. The evidence seems insufficient to 
draw any fUrther conclusion. 
The southwestern shoulder of Sgurr nan Cnamh divides seams of 
olivine-dolerite and hornblende-bearing olivine-dolerite exposed in 
the headwaters of Allt a' Bhuic from the N.W. end of the broad Coire 
na Creiche quartz-dolerite dyke (see f'ig. 5.9). Nearest exposures 
of the two rock-types are some 500 yards apart. The quartz-dolerite 
can nevertheless be traced magnetically to within 50 yards of' narrow 
features on the watershed which almost certainly contain seams of' 
olivine-dolerite. The width of' the zone of intrusion of the latter 
can be seen f'rom fig. 5.9 to expand from about 100 feet in Allt a ' 
Bhuic to about 500 feet .towards the edge of the quartz-dolerite. 
The topographical and magnetic evidence illustrate the sinuous form 
and remarkable thinning of the quartz-dolerite as it nears the 
olivine dolerites. There is a continuous feature between the 
- 92 -
/ 
/ 
/ 
/ 
0 
' '·, 
-............. , 
/ 
/ 
100 
/ 
'· 
' 
., 
\ 
\ 
\ 
\ 
I 
I j 
I 
/ 
/ 
/ 
/ 
/ 
Scale In fe.t 
200 300 
-·--1'000--ceot~ 
_____ ........ , ......... 
--· 
., .. , ........... . 
--·~-
400 
•oo 
FIG. 5o9.- Passage from auartz-dolerite to olivine-dolerite 
Uncorrected magnetic Anoms1ies over intrusJ.ves on the 
south-weot s1de of Sgurr nan Cnanili. 
principal olivine-dolerites and the quartz-dolerite, implying that 
both intrusive types lie along the same structural line. The spread 
of the olivine-dolerites might be held as evidence of splitting of 
the seams on encountering the broad quartz~dolerite dyke whilst the 
constriction of the latter might indicate adaptation of the quartz-
dolerite magma on intrusion to one of the narrow structural lines 
occupied by the olivine-dolerites at an earlier date. 
At the head of Gleann Feith 'n Amean, the southeastern end of 
the Coire na creiche quartz-dolerite is exposed some 500 yards 
distant from the most northwesterly outcrop of the Garbh Bheinn 
olivine-dolerites (see fig. 5.10). The quartz-dolerite lies in 
almost perfect alignment with the strike of the olivine-dolerites, 
implying that the two inti~sions occupy the same structural plane. 
Several feet of quartz-dolerite are also exposed on the banks of 
Allt Feith 'n Amean. Contours drawn on magnetic intensity values 
obtained from nearly 80 stations in this small area reveal that the 
magnetic 11 1ow" coinciding with the south side of the broad quartz-
dolerite dies out a:t a distance. of .about 200 feet from the nearest 
olivine-dolerite outcrop. Only "background" values were obtained 
over intervening ground covered with scree and moraine and fluviatile 
materials, including boulders of olivine-dolerite. The magnetic data 
suggests that the quartz-dolerite dyke has swung to the N.E. in the 
now unexposed ground. No evidence was found of the splitting of the 
olivine-dolerites in the vicinity of the quartz-dolerite; the narrow 
dolerites appear to end suddenly at the vaaey floor, It may be 
aggaed that the quartz-dolerite followed the structural plane 
occupied by the olivine-dolerites and stopped short at this particular 
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point. Alternatively the olivine-dolerites may have been intruded 
along the fault line now occupied by the dykes of the Bellsgrove-
Inversanda dyke system only where the structural plane had not 
previously been intruded by dykes of quartz-dolerite. 
Despiue the difficulty in assessing the age-relationships of tre 
quartz-dolerites and olivine-dolerites of the Bellsgrove•Inversanda 
dyke system, the detailed field and magnetic investigations have 
served to further the study of the complex and unusual characteristics 
displayed by the latter. It is suspected th.at a major system of 
fractures, possibly linking in form, existed before the date of 
intrusion of both the quartz-dolerites and the olivine-dolerites. 
The presence of such an important structural dislocation in a 
mineralised area may have economic significance other than already 
found. The reversed direction of magnetisation shown by the quartz-
dolerites throughout the s~stem is also of considerable geopby,sical 
interest. 
Petrogra;p!ly. - Quartz-dolerite dykes and bosses are brown-weathered, 
grey, medium-grained aphanitic rocks in hand specimen, composed 
i'> largely of plagioclase and pyroxene. - Amygdales are virtually absent, 
and intrusion edges, where exposed, only a little more fine-grained 
than rock at distances from the contacts. Syntectic veins of fused 
country-rock are not present in marginal dolerite (see Appendix A). 
The centres of the bosses are small-grained and enriched in 
pyroxene compared with peripheral rock, signifying a certain degree of 
differentiation within the intrusions. Compositional variation has 
not been studied in detail. In general, the petrographical 
characteristics of the dykes appear to be very similar to those of the 
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FI G. 5 .11 . - Black quartz-dolerite dyke in contac t 
v~ith pink- colour ed, fused composite granitic gneiss 
in the middle course of llt a ' Bhuic (372884) . 
FI G. 5 .12 .- Sheared and fused gneiss in angular 
contact (at hammer ) with quartz- dolerite containing 
calcite veins (at scale) . Upper Allt a 'Bhuic ( 375883) 
bosses (c.f. modes given in Table 5.3) excepting for the presence of 
basaltic veinlets or quartzo-feldspathic schlieren along the joint·-
planes of the latter. 
TABLE 5.3. - Mineral composition of Permo-Carboniferous guartz-
doleri te ID • 
-bosses-
- - - - -dykes -- -- - Group Sample No. ll2. 157 158 160 163 180 ~ ~ Range. 
Quartz and 2.2 6.3 4.3 "4.9 3.9 5.0 4.2 4.4 2-6 
micropegmatite 
~51.4 39-62 Plagioclase 38.3 29.6 48.9 54.8 45.7 36.2 44.9 Plagioclase 3.0 91.3 ·13~ 3 5.4 4.7 2.7 10.9 
alteration ~ 
pyroxene 36.1 16.9 21.1 25.0 38.3 16.9 31.8 ~30.6x 19-43 Pyroxene 7.0 1.9 19.1 
alteration products 
Opaque minerals 1.8 6.2 4.7 2.1 4.4 3.5 2.8 3.6 2-6 
Chlorite ,hornblan :D. o 17.8 7.7 7.8 3.0 11.4 5.4 9.0 3-18 
- e 5.2 1.0 0-5 Carbonate 1.6 
Plagioclase comp- 58 56 66 66 50 64 46 58 46-66 
osition,per cent An. 
Av.length of 0.6 1.2 1.0 1.0 0.7 1.5 1.0 1.0 0.6-1.5 
plagioclase laths mm. 
Xpyroxenes estimated at 25 per cent clinopyroxene and 5.6 per cent 
orthopyroxene. 
In thin section, a typical san:g;>le of an intrusion of the present 
group is a medium-grained quartz-dolerite consisting of plagioclase 
laths up to 2 mm. in length and sub-ophitic to hypautomorphic-
intergranular pyroxenes~ The laths usually consist of medium 
labradorite but are sometimes marginally zoned to &~more sodic plagio-
clase. Their average length is somewhat greater in rock from the 
central parts of the dykes (e.g., sample 180 in Table 5.3 was taken 
from the centre of a 390-foot dyke). Cracks in the laths are occupied 
by green chlorite either of late-magmatic or weathering origin (c.f. 
Walker and Poldmvaart 1949, 692). Two pyroxenes are usually present, 
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either as grains or hypautomorphic prisms, generally 0.5-0.6 mm. in 
length. The commonest is a pale brown or fawn-coloured monoclinic 
variety, o~ten showing simple twinning (see fig. 5.7), hour-glass 
structRe and a basal lamination in various stages of development. 
It has 2V(+) about 50° (estimated) and ~c = 45° and is probably a 
diopsidic augite (c.f. Walker 1935, 140). Orthopyroxene is subsidiary 
in amount and varies from pale grey to purplish-brown in colour (e.g., 
in samples 160 and 158 respectively from the Allt Ruighe Spardain dyke 
and in samples 156 and 157 respectively from Bellsgrove Loch boss). 
The purplish variety has 2V(-) about 90° (estimated) and is probably 
hypersthene (c.f. Walker 1935, 142; Falconer 1906, 138). The 
orthopyroxenes of the quartzQdolerites are characteristically 
fringed and samet~es wholly replaced by fibrous chlorite. 
Xenomorphic granules of quartz occur embedded in a deep green 
intersertal felt of chlorite, often spherulitic in habit; forming 
an acid mesosatis to the plagioclase and pyroxenes of the quartz-
dolerites together with small amounts of mdcropegmatite,carbonate, 
serpentine and secondary,pale green hornblende. Prisms of the 
latter were found in one dyke sample (158) to be length-fast with 
The mesostitial materials have a very irregular 
distribution in thin section. The quartz grains in particular are 
widely dispersed. In some cases (366) they reach 0.5 mm. across. 
The characteristics of the mesostasis are identical with the 
descriptions of Falconer (op.cit.) of those of the Permo-Carboniferous 
quartz-dolerite dykes of Linlithgowshire. Walker (1930, 374-376) has 
shown that the quartz and micropegmatite of certain tholeiites 
genetically related to the quartz-dolerites of Central Scotland are of 
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late-magmetic, primary origin. The hydrothermal origin postulated 
by Fenner (1929) for the quartz-enriched residues of basic rocks is 
not generally accepted. 
Single hexagonal olivine pseudomorphs composed of green chlorite 
partly replaced by carbonate were found in samples 156 and 420 (small-
grained quartz-dolerite from the northern edge of Drumnatorran boss). 
A few patches of deep green pleochroic mineral with the birefringence 
of bowlingite and roughly hexagonal in shape in dyke sample 160 may 
represent relic olivine pseudomorphs. Opaque mineral grains are 
usually large, scarce and sometimes lobate or dendritic. Both iron-
titanium oxides and pyrite may be present. 
Although superficial samples of the intrusives of the present 
group are strongly weathered, the processes of alteration were 
probably initiated at an intra-magmatic stage. In very altered 
eiqnples, serpentine has partly replaced the pyroxenes (180) whilst 
the plagioclase is heavily sericitised and probably albitised (461). 
Mesostitial materials become dispersed and cracks in the plagioclase 
laths occupied by the disintegrated products. Carbonate sometimes 
alters from augite but seldom from hypersthene. 
The absence of chilled rock at the edges of the Loch Sunart 
quartz-dolerite bosses and dykes is almost certainly connected with 
the ther.mal alteration of contiguous country-rocks (see Appendix A). 
The margins of the central scottish dykes are by contrast, fine-grained 
and tholeiitic. Samples from the rarely exposed dyke contacts are 
only a little finer-grained than centrall~ situated samples (c.f. 163, 
a contact specimen, with other moded spectmens in Table 5.3) and are 
also richer in pyroxene. At the welded northern contact of the 
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FIG. 5 .13.- uartz-dolerite dyke 
t contact with fused psammitic gneiss. Small-grained rock 
containing abundant micropegmatite and secondary hornblende. 
Pyroxenes ~l~itise as a result of partial mineral isation. 
FIG . 5. 14.- Fused granitic gneiss 
At contact with quartz-dolerite dyke. Quartz grains lobate , 
spherulitic micropegmatite common, feldspar hematised. 
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this quartz-dolerite dyke are probably related to the inward transfer 
of materials from fUsed country-rocks. 'However, the fact that 
marginal quartz-dolerite is only a little finer-grained than central 
rock suggests that differences in time of consolidation were amall. 
Partial crystallization of the central bulk of the quartz-dolerite 
may have released certain late-magmatic products, shown by Walker 
(1930) to be enrich~d in silicon and water in the case of rocks of 
similar type, to marginal quartz-dolerite, not yet completely 
crystallised, where they finally consolidated (c. f ~ Hawkes and 
Harwood 1932, 173). 
The contacts of normal rock of the quartz-dolerite bosses with 
included basaltic veinlets (see fig. 5.6) though abrupt, are not well 
defined. The 3-inch veinlet in sample 348 (Bellsgrove boss) has an 
average grain-size of 0.1-0.2 mm •• Plagioclase laths (probably 
oligoclase) are slender and \rell-shaped. They are surrounded by 
tiny quartz grains which are often "strain-shadowed'~:' forming more 
than 25 per cent by volume of the mineral assemblage of the veinlet. 
Pale green, powdery aggregates of carbonate and serpentine present 
may have altered from original pyroxene. Opaque minerals are scarce. 
A 9-inch veinlet (sample 350 from Bellsgrove boss) is small-grained 
in thin section. Plagioclase laths (probably andesine) average 0.4 
mm. in leng~h and are porphyritic in places. Micropegmatite occurs 
in addition to quartz; carbonate is common and opaque minerals 
include pyrite. serpentine pseudomorphs are clearly related to 
original pyroxene. 
A sample (1049) of a 9-inch lens of acidic rock following one 
of the vertical joints of &ortenfern boss (see fig. 9.6) shows 
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automorphic, strongly altered andesine laths, 0.1-3.0 mm. in length, 
and sub-ophitic, buff clinopyroxene exhibiting basal lamination and 
partly altered to fibrous chlorite~ Numerous aggregates of quartz 
measuring as much as 1 mm. across are embedded in brown chlorite. 
Hypautomorphic opaque minerals average 0.5 nun. in diameter. The 
pyroxene is less altered than in the da~m veinlets characteristic of 
the other bosses and the average grain size (relative to normal rock) 
is greater. However, the two types'are both very acidic and 
probably originated under the same magmatic conditions. 
Chemistry. - Although no new chemical analyses of the intrusives of 
the present group have been made, the Longrigg boss and a boss from 
Arisaig, Inverness-shire have been analysed by the Geological Survey 
(Guppy and Sabine 1956, 21-22, analyses 679 and 678 respectively). 
The analysed sample of Longrigg boss possesses a notable proportion 
of bowlingite pseudomorphs after olivine. The two analyses show 
only minor differences to Walker's average Scottish quartz-dolerite 
dyke values (Walker 1935, Table lV, analysis 16). 
Mineralisation. - The presence of large amounts of carbonate, in 
places altering from serpentine pseudomorphs after pyroxenes, in tbe 
veinlets of some quartz-dolerite bosses is considered here to be 
related to the same general period of mineralisation that ~ave rise to 
the Strontian lead-zinc deposits. The veinlets appear to have served 
as conduits for small amounts of mineralising fluids which did not 
affect the main body of quartz-dolerite~ Those of Bellsgrove boss 
are particularly affected; the site of the Strontian Main Vein near 
to the· boss may have accentuated the degree of mineralisation. 
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APpreciable amounts of carbonate are also present in thin sections of 
rocks at boss contacts. Marginal quartz-dolerite is a~fected as 
well as adjacent fused country-rocks, suggesting that the fused 
contacts exerted sane small structural control of mineralisation. 
The presence of carbonate in the boss veinlets may alternatively 
be a result o~ the late-stage activity of the quartz-dolerite magma 
which gave rise to the boss itself. Walker (1930) and Vincent (1950) 
have shown that the late crystallizing products of tholeiitic magma 
are not notable for their content of carbon-dioxide. The replaci ve 
chanacter of some carbonate with respect to pyroxenes ap.d chlorites 
would further suggest that the carbonate belongs to a separate phase 
of activity., later than the ~ormation of' the acidic veinlets and 
probably connected with the main period of epigenetic mineralisation. 
Samples of quartz-dolerite dykes at welded margins against fused 
country-rocks contain large quanti ties of carbonate (see Appendix A). 
No important veins were found associated with quartz-dolerite dykes. 
Reticulating calcite veinlets, seldom more than a few feet in length 
and one inch across, were found in only two places, at north sides 
(hanging walls) of the Allt Ruighe Spardain dyke (363888) and the 
Allt a ' Bhuic dyke (375884). The latter occurrence is shown in 
~ig. 5.12. The veinlets are usually confined to longitudinal 
vertical joints and may owe their origin to slight post-intrusion 
movements,.preceding or concomitant with the general period of 
lead-zinc mineralisation, which mainly affected marginal joints. No 
evidence was found however, of related movements in dolerite and 
nearby gneiss. Hand specimens of quartz-dolerite in contact with 
the veinlets do not appear to be mineralised to any extent. 
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Impregnation of the rocks of q_uartz-dolerite dyke contacts by 
carbonate is in accordance with the absence of well defined structural 
planes at the dyke margins. Serial thin sec.tions across the Allt 
Ruighe Spardain contact show that max~ impregnation took place 
at the actual contact, although appreciable q_uantities of carbonate 
are present in bothgn~iss and dolerite for more than 2 feet from 
the contact. Between 9 and 3 inches from the contact (samples 503 
and 507 respectively) the proportion of carbonate in the dyke-rock 
increases by about 20 per cent~ The plagioclase of 503 has altered 
cores and appea~s to be partly albitised. Pyroxenes are pseudomorphed 
mainly in pleochroic green chlorite together with small amounts of 
carbonate crystalloids. Opaq_ue minerals (except for pyrite) are 
rimmed with leucoxene. Nearer the contact (507), pyroxenes are 
wholly·aa~e~ad~~ and le~coxene is the principal opaq_ue mineral. 
Quartz .. ,occurring both as grains and in micrographic intergrowths is 
distinctive because of its unaltered state. Some plagioclase laths 
show clear albite rims to central,probably more calcic plagioclase 
which is very altered. Albitisation is probably connected with 
mineralisation although the possible transference of materials from 
country-rocks, fused at an earlier date, may have brought about some 
albitisation of the plagioclase. 
The carbonate mineralisation of q_uartzadolerite dykes illustrates 
the same processes of metasomatic replacement as are better portrayed 
inthe mineralisation of other Permo-Carboniferous dykes. Pyroxenes 
are attacked at an early state, followed by albitisation of the 
plagioclase, replacement of iron-titanium oxides by leucoxene and a 
general disintegration of the dolerite texture. The feldspar 
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component of the micrographic intergrowths (believed to have originatm 
at the smne stage as the alteration of the country-rocks) is 
attacked by the carbonate. It would therefore appear that the 
carbonate mineralisation took place at a date subsequent to the fusion 
of country-rocks and is in all probability connected with the main 
period of epigenetic lead-zinc mineralisation in the Loch Sunart area. 
Age-relationships. - Since no definite conclusions can be reached 
concerning the contact relationships of the boss and dykes of quartz-
dolerite at Bellsgrove Loch (see above), the two intrusive types are 
here assigned to the same general period of intrusion upon the basis 
of their petrographical affinities and their similar manner of 
a1 teration of country-rocks (see .A,ppendix A). 
The Coire na Creiche quartz-dolerite cuts a felsite dyke of post-
Granite, probably Devonian age on bruLm Min (398867). Monchiquite 
and camptonite dylces cut Gortenfern boss (see figs. 9.6-8) and dykes 
of normal dolerite (of probable Tertiary age) and camptoni te cut 
Camasinas boss (see fig. 9.4). An instance of the transucurrent 
faulting of a W.N.W. trending quartz-dolerite dyke has been reported 
from the Loch Arkaig area (~.Progr.~.~· 1955, 49). Similar 
faulting in the Loch sunart area took place previous to the period 
of mineralisation. The partial mineralisation of both the bosses 
and dykes has been demonstrated (see above). The Allt Ruighe Spardain 
quartz-dolerite dyke is cut by a north-south trending olivine-
dolerite dyke of probable T-ertiary age. The quartz-dolerite dyke 
forming the W.N.W. end of the Bellsgrove-Inversanda dyke system 
terminates against a quartz-dolerite dyke of post-mineralisation age 
which appears to have altered course on tb the strike of the older dyke 
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(see Chapter XII). 
Intrusion of the quartz-dolerite dykes and bosses of pre-
mineralisation age in the Loch Sunart area has therefore taken place 
in the interval between the Devonian intrusion of the felsites and 
the late Carboniferous or early Permian intrusion of the w.Highland 
camptonite-monchiquite swarm. Dykes of normal dolerite, olivine-
dolerite and hornblende-bearing olivine-dolerite appear to have been 
intruded at some time in the same broad period of the geological 
history of the Loch Sunart area. Magnetic investigations into the 
age-relationships of eykes of the "olivine-dolerite group" and of 
quartz-dolerite along the line of the Bellsgrove-Inversanda dyke 
system failed to reveal any significant evidence. At one point 
however, a eyke of canq:>tonite dolerite is obviously later than a eyke 
of quartz-dolerite (see Chapter VIII). Camptonitic dolerites have no 
known age-relationships with dykes of the olivine-dolerite group or 
the camptonite-monchiquite group but on petrographical grounds they 
are trufly intermediate between the two groups. It is possible that 
the intrusion of the genetically relatedseries, olivine-dolerite to 
camptonite, was interrupted by the intrusion .of the quartz-dolerite 
as is held to be the case amongst closely comparable petrographical 
types of dykes in Central Scotland (MacGregor and MacGregor 1948). 
The palaeo-magnetic e"tidence lends tentative confirmation to this 
conclusion. It may be significant that dykes of the olivine-dolerite 
group exposed in the vicinity of quartz-dolerite bosses (particularly 
at Drumnatonan and Gortenfern) do not occur within the bosses. 
A comparison has been drawn between the quartz-dolerite dykes of 
the present group and a later, post-mineralisation set of quartz-c.::~· 
dolerites in Chapter XII. 
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C HAP T E R VI. 
NORMAL DOLERITE DYKES OF PROBABLE PERMO-CARBONIFEROUS AGE. 
Definition.- The term "normal dolerite" is used here (C.f'.Vincent 
1953, 24) fer dyke rocks which in thin section consist essentially of 
plagioclase and clinopyroxene. Rocks containing free quartz, olivine 
(or its pseudomorphs) or primary amphibole fall outside this group. 
The normal dolerite dykes of pre-mineralisation age in the Loch 
Sunart area appear to be genetically related to the prevalent olivine-
dolerite group of' th6 area. The dolerite dykes of Central Scotland, 
comparable in some ways to the Loch Sunart normal dolerites, are by 
contrast related to Per.mo-6arboniferous quartz•doleriteso (MacGregor 
and MacGregor ;~ 1948, Fll-75). The field relationships of dykes of 
normal dolerite are identical with those of' olivine-dolerite and horn-
blende-olivine-dolerite dykes of pre-mineralisation age and distinction 
between the three petrographical types can only be made in thin section 
They are all narrow dykes having a W.N.W. trend, usually weathered and 
sometimes partly mineralised. Compared with other pre-mineralisation 
groups of' dykes, the volume of magma which has given rise to nor.mal 
dolerite dykes appears to have been relatively insign;l.f'icant (see Tabla 6.1) 
Occurrence.- Field data for the small number of dykes Qfi this group 
is given in Table 6.1. Parts of' two of the sub-parallel group of 
narrow dykes (see fig.5.l)which have been weathered out to form a narrcw 
ravine by the lower course of All t a' Choire Dhuibh ( 332885) proved to 
be normal dolerite. There ere at least four seams o:t' dolerite ,~L 
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FIG. 6.I.- Sketch-map of' the dykes exnosed in the lower course of Allt a' Choire Dhuibh 
The dykes occupy a fault line in granite and are follovved by metalliferous veins. 
They illustrate petrographical passages between Permo-Carboniferous dolerite t3rpes. 
in the upsteam end of the ravine, possessing an identical northerly 
hade and separated by strips of crushed tonalite. The west and east 
ends (samples 34 and 31 respectively) of the sonthernmost seam in the 
ravine consist of normal dolerite separated by olivine-dolerite. A 
s~le of the second northern-most seam (32) was also found to be 
normal dolerite. The dykes appear to have been intruded along an 
earlier crush zone, but the irregular jointing in some of them 
suggests a slight re-opening of the fault-line after dyke intrusion. 
Metalliferous vein (samples 41 to 44) follows the hanging wall of 
normal dolerite 34 (see fig.6.2) and the footwall of the eastward 
continuation of this dyke. Between the latter and the ~ng wall 
of nor.mal dolerite 32, an irregular mass of highly jointed dyke rock 
"> 
is shot through with veinlets of carbonate. 
The group of dykes described above are represented by two 
contiguous seams of normal dolerite (46) exposed about 1200 yards 
W.N.w.. This outcrop has a consistent hade, but country-rocks of 
semi-pelitic gneiss are not crushed. Small positive magnetic 
anomalies obtained at intervals between the two outcrop lacalities 
support the toP,grapblcal evidence which suggests the presence of two 
or three narrow dolerite seams (X in Table 6.1 represents two of them 
as 6-foot seams of normal dolerite) in the valley sides of Allt a' 
Choire Dhuibli. Closely spaced magnetometer traverses west of dyke 
45 failed to reveal any definite continuation in this di~ection, but 
it· may be possible that certain seams of the Allt a' Choire :Q!m'ib.h ·grwp are 
continued westwards as the Corrantee Vein dyke (see Chapter VIII). 
This point may be significant with respect to the relationships 
between the mineral veins of the Bellsgrove and Corantee districts. 
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FIG. 6.2.- Metalliferous vein on the ri 0 ht follows the side 
of normal dolerite dyke 34 in Allt a ' Choire Dhuibh (333885). 
FIG. 6.3.- Olivine-dolerite seams followed by calcite-
barytes veinlets on theN. side of Garbh Bheinn (411859). 
TABLE 6.1.- Field data for Permo-Carboniferous normal dolerite dykes 
e;posed near Strontian. 
~ Width(rt.) Lensth(ft.) Area( sq. ft.) 
!!!; Av. Range. ExP• Unexp. :mxp. · Unexp. 
Trend(deg~ Elevation(ft.) 
Av. Range. Min. _ Max. 
31 
32 
34 
45 
X 
47 
369 
y 
6 
dykes 
4 
-
5 
3 
10 6-12 
10 
-
6 .-
6 
6 
(a) Individual !?Zkes. 
80 320 
150 
-
7150 
-
60 
-
180 
50 450 500 4,500 
.- 3,300 - 33,000 
50 
·-· 
300 
-
20 
-
120 
·--
-
2,000 
-
12,000 
N80W ... 
tt 
" -
tl 
-
II 
N4GW 
-
tl 
tl 
-· 
510 
510 
530 
1100 
540 
100 
BOO 
100 
520 
540 
540 
1200 
1100 
800 
(b) Averaies and. totals. 
410 5,750 2 170 49 000 
' . ' 
N65W N40W-N80W 100 1200 
(total width,54 ft.) (total probable area, 
about 50, 000 sq. ft. ) 
Other dykes of this group outcrop in stream courses. One (369}, 
exposed on the north side of Me all a' Ghriuth ( 332899) , may represent 
the N.W. continnation of a Tertiary normal dolerite (see Chapter XII), 
but is more probably the extension (Y in Table 6.I) of a normal 
dolerite (47) classed as Permo-carboniferous, exposed in the side of 
the Polloeh road to the N.w. (329905). The eamptonite followed by 
Lurga Vein contains rounded xenoliths of fine-grained, basic rock up 
to 1 foot in diameter at a point (242787} 160 yards W-5° N .. of Lurga. 
Samples of two of the xenoliths (145 and 704} proved to be normal 
dolerite which must therefore be of pre-camptonite and pre-mineralisa-
tion age. 
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Petrograpb.y.- The dykes of this group are dark, fine to small-
grained aphanitic rocks, sanetimes plagioclase-phyric and amygdaloidal 
and usually rather weathered, particularly at chilled edges. 
TABLE 6.2.- Mineral ComPOSition of Pe~o~C.arboniferous normal 
· dolerite gyk~s. · 
Dlke No. 
Sample No. 32 
-
xenoliths 
145 704 
--
Group. 
Av. Range. 
Plagioclase 18.7 17.4 18.0 43.7 40.4 35.7 26.4 29.0 28.7 17-43 
Olinopyroxenell.S 22.6 30.0 25.3 21.3 37.6 45.6 40.9 29.4 12-46 
Iron O~s 19.4 19.6 13.4 6.2 13.6 10.4 4.2 9.9 12.1 4-20 
?Pseudomorphs .... 0.4 
-
0-t 
Ch1orite,etc.36.9 24.4 32.2 24.4 24.7 16.3 23.8 20.2 25.4 16-37 
Amygdales 
Plagioclase 
com;posi tian, 
per cent An 
Av.length of 
plagioclase 
13.2 16.0 
66 68 
4.4 0..16 6.4 ,. l 
-· -
-, 
-
56 64 64 56;..68 
laths,m3a. 0.2 0.2 o.4 o.s o.a 0.4 0.2 0.2 0.4 0.2-o.a 
In thin section, the rock texture is often obscured by a large 
amount of alteration productse Plagioclase laths are slender and varY 
considerably in size. Their proportion is rather low compared with 
other Permo-carboniferous dolerites. Despite albitisation (32), 
their average composition measured on Carlsbad-albite twins (see 
Table 6.2) is usually calcic labradorite. PHenocrysts of labradorite 
and augite (showing simple twinning and hour-glass structure) may be 
present (47). The clinopyroxene of normal dolerites is probably 
augite or diopsidic augite. It is pale green and intergranular, 
grains averaging 0.1 to 0.2 mm across. Opaque minerals are very 
~ine-grained with the exception of a few pyrite crystals, sometimes 
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FIG. 6. 4 . 
Normal dolerite 
Minophyric, amygdelojd~ 
labradarite-augite rock 
clouded by chlorophaeite 
and dendritic iror. :ox- . 
ides. 
FIG . 6 . 5 . 
Normal dolerite 
Altered, hypocrystalline 
patches amongst a fresh 
labradorite-augite-iron 
oxride assemblage . 
FIG . 6 . 6 . 
Olivine-dolerite 
Dyke chilled edge (on 
left) contains olivine 
pseudomorphs in calcite 
and is penetrated by 
calcite stringers from 
mineralised gneiss . 
the only opaque mineral present !i ( 47). Small amygdales occurring in 
some normal doleritss (see fig. 6.4) consist of carbonate concave 
towards darkened rims, variable in width, of fibrous or vermicular 
green chlorite. The presence of a few large, hexagonal pseudomorphs 
of weathered bowlingite 1n sample 45 emphasises the affinities of 
this group of dykes with olivine-dolerites of probable Permo-
carboniferous age. 
Patches of very f~eQgrained rock up to 1 mm. across occurring ih 
sample 369 (see fig. 6.5) are more altered than normally crystallized 
dolerite. The heavily altered areas 1n ether normal doleritea 
probably represent similar bypocrystalline patches which .are comparable 
with the mesostasis of tholeiites described from Central Scotland 
(Walker 1930 and 1936). Intersertal patches and clots of dark-green 
chlorophaeite may be related either to the devit~ification of an 
original glass (c.f. Walker, Vincent and Mitchell 1952, 901) or to 
the reaction of magmatic fluids with original ferromagnesian minerals 
(c.f. Peacock 1930, 177). Weathering has probably !3creased the 
development of chlorophaeite. Chlorophaeite has also been described 
as a late crystallizing product of pr1mary appearance from some 
Central W®d~tholeiites (Walker 1935, 145). Internal alteration 
processes are also probably responsible for the partial degen$ration 
of clinopyroxene to a weakly-birefringent aggrega~e of dark-green 
chlorite and a rectangular network of magnstite-~lmenite dendrites, 
some of which project into plagioclase laths (c.f. Walker 1930, 
371-372)• 
Chemistry.- No analyses of the Loch Sunart normal dolerites have 
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been made. It is probable that analysis of thl;l·l;le· racks would 
reveal close affinities to the Per.mo-6arboniferous olivine-dolerites 
(see 189 1n Table 7.5), although a higher Si02 value would be 
expected for the nor.mal dolerites. 
Mineralisation.- The relationships between the mineral veins and 
nor.mal dolerite dykes exposed in the lower course of Allt a'Choire 
Dhuibh demonstmte the structural control exerted by the basic dykes 
during mineralisation. The veins have nevertheless caused 
camparat1V.sly little alteration of the dyke rocks. In thin sections 
(41 to 44) from the contact between eyke 34 and the contiguous 
. . 
' . 
galena-bearing vein, leucoxene and wisps of green chlorite presumably 
derived from the dyke are common among the vein ~erals. The 
sutured quartz grains present in the vein are probably related to the 
crushed tonalite which makes the vein foot wall. 
Some of the relatively large amount of amygdaloidal carbonate 
in sample 34 (some 5 to 10 per cent is present) may be a consequence 
Opaque dendrites in the same sample are leucoxene 
which may also have altered from ilmenite or iron-titanium~oxides as 
as result of mineralisation. Bowlingite pseudomorphs partly altered 
to carbonate in sgmple 46 may be held as evidence of weak mineralisa-
tion. 
Age-relationships.- Per.mo-Oarboniferous normal dolerite dykes in 
the Loch SUnart area do not exhibit contact relationships with any 
other dykes. The Allt a'Ohoire Dhuibh dykes intrude a post-Granite 
fault line along which some slight movement of post-dyke age appears 
to have taken place, earlier than or concomitant with the epigenetic 
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mineralisation. The unusual occurrence of xenoliths of normal 
dolerite in the Lurga Vein camptonite dyke illustrates that nor.mal 
dolerites preceded camptonites in the intrusive sequence. The intima~ 
association of no~al dolerite with olivine-dolerite and hornblende-
olivine-dolerite among the Allt a'Choire Dhuibh dykes and the 
identical field relationships of all three types throughout the Loch 
Sunart area points to a similar age of intrusion for the three groups 
of dykes and possibly to their derivation from the same magma. 
A comparison between the present group of dykes and a later set 
of similar petrographical type has been drawn in Chapter XII. 
r 
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C H A· P T E R VII 
OLIVINE-DOLERITE DYKES ClF PROBABLE PERMO-CARBONIFEROUS AGE 
Definition. - The members of' this group are narrow, W.N.W. trending 
dykes of' pre-mineralisation age which in thin section contain olivine 
(usually as pseudomorphs) in significant proportions and are virtually 
free of primary hornblende. 
It was not found possible to distinguigh the dykes of this group 
from dykes of the normal dolerite (Chapter VI) and hornblende-bearing 
olivine-dolerite (Chapter VIII) groups in the field. The dykes are 
s~ilar-in trend, width and megascopic appearance. Some dykes 
actually consist of more· than one of the three petrographical types. 
Modal analyses of same 50 dykes of these types show that an almost 
perfect gradation in petrographical characteristics~ exists between 
them. Reference to them in the present text is therefore sometimes 
made as 11 dykes of the olivine-dolerite group". The distinctien 
between olivine-dolerite and hornblende-bearing olivine-dolerite is 
paeticularly difficult when the rocks are weathered or mineralised. 
Since differences between olivine-dolerite and hornblende-bearing 
olivine-dolerite can only be resolved in thin section, it has been 
~ound necessary to include the two petrographical types together in 
the study of their field q~nsions. DYkes of strong camptonitic 
aff'inities, camptonitic dolerites, were never found to grade into 
olivine-dolerite in the field. Their field relationships are therefom 
considered under a separate heading in Chapter VIII, although later 
work may modif'y this separation. 
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Normal dolerite dykes form a relatively insignificant group 
from the po~nt of view of numbers and size but the other two types are 
abundant and represent a considerable proportion of the Permo-
Carboniferous dyke magma which has been intruded into the gneisses 
and granites of the Loch Sunart area. There is little doubt that 
the dykes of all three _types were intruded at approximately the same 
time in the geolog~c~l history of the Loch Sunart area and that they 
were derived from the same parental magma, probably olivine-basalt. 
Evidence will als.o be put farward in a later chapter to show that 
dykes of the camptonite suite are derivatives of the same magma, 
although representing a distinctly later phase o~ intrusion (c.~. 
Ramsay 1955). 
A natural comparison can be drawn 'tie tween the olivine-dolerite 
dykes o~ the Loch Sunart area and those of Central Scotland. Dykes 
of normal dolerite and thoroughly camptonitic dolerite have not so ~ar 
been recorded ~rom the latter area nor does the size of the olivine-
dolerite dyke phase appear to have been so great as around Loch 
Sunart (see MacGregor and MacGregor 1948, 60). 
Occurrence. - Field data ~or the dykes o~ this group are included in 
Table ? .1. The dykes are seldom more than a ~ew feet wide and are 
well exposed in streams as a result of' their comparative ease of' 
weathering. ~ere gradients are steep, erosion of' the dykes often 
gives rise to deep and narrow ravines (e.g., see fig. ?.1). A 
characteristic of' the occurrence of' the dykes of the olivine-dolerite 
group is that a number of seams have often been intruded parallel to 
one another with individual seams separated by narrow strips of' 
country-rock, often crushed and marking the site of' a pre-intrusion 
fault line. 
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FIG . 7 .1.- Sron Lagnan Gamhna (410860) looking east 
Dcross the head of Gleann Feith ' n Amean . The narrow 
declevity contains two to four parallel seams of 
olivine-dolerite follo~ed by stringers of mineral vein. 
~toraine in the foregrotmd covers the junction of the 
Coire na Creiche quartz-dolerite with the Garbh Bheinn 
section of olivine-dolerites . 
TABLE 7.1. - Field data for Permo-Carboniferous ~ykes of olivine-
dolerite and hornblende-bearing olivine-dolerite exposed 
near strontian. 
Width(ftJ Length(ft.). 
AJ:_. Range. Ex;p. Unexp. 
Area(sg.ft.) Trend (deg.) 
Exp. Unexp. AY.:.. Range. 
.Elevation(W 
Min. Max. 
--
(a) Component dykes of the Bellsgrove-Inversanda dyke system. 
X 12 5-15 2,000 2,800 24,000 34,000 N64W N60W-N75W 1400 2100 (4:-3 seams) y 15 3-30 5,600 4,700 84,000 70,000 N69W N40W-N82W 300 2600 (3:-5 seams) 
(8 dykes) 
(b) Other. dykes. 
1/2 2t 70 50 175 125 l'T70W 1200 
2/3 2' 10 50 25 25 N40W 750 
4/5 22 ' 120 300 300 750. N.70W 1500 
12/13 9 (3 semB~O 300 1080 2700 ssow 600 
13 '2i 2~3 70 50 175 125 N70W 1200 J.W:uf 6 ,;... 50 200 300 1200 w 600 
3QX 8 20 500 160 4000 N70W 470 520 
33 3 20 60 B70W 520 
36 2 100 500 200 1000 N70W N50W-N70W 520 550 
50 2 10 200 20 400 N70W 50 
85 2 5 50 l-0 100 N40W 1650 
89 4 20 100 'so 400 N70W 800 
9lx 12 10 200 120 2200 N80W 900 
110X 4 50 100 200 400 w 500 
220 2 5 100 10 2000 w 400 
245x 10 5-20 800 2400 8000 24000 N80W N75W-W 780 800 
258x 4 1-6 30 50 120 200 N60W N20W-W 1200 
330X 6(2 seamspOO 5200 3000 31200 N85W 820 1120' 
345 4 20 1000 80 4000 w 420 
442 7 15 35 105 235 NSOW 600 
484x 1 ·i-li 50 100 50 100 N70W 10 
573 5 50 100 250 500 N60W N60W-N70W 1000 
576x 3! 3..;4 30 20 105 75 N80W 1350 
581 2 20 100 40 200 NBOW 1450 
583x 3 50 200 150 600 N55W N50W-N60W 1480 
586 2t 2-3 20 100 30 250 NSOW 1000 
587X 22 - 20 100 30 250 N50W 850 589 4 20 50 80 200 N30W 850 
592 6 20 100 100 500 N80W 650 
594X 4 3-6 30 50 120 200 N50W N40W-860W 400 
728x 4 3-5 20 30 80 120 860W 860W-870W 560 
823 2i 
-
20 200 50 500 N70W 630 
(c) Average and totals. 
40 4 1~30 10,045 20,035 123,305 188,655 N71W N30W-860W 10 2600 
dykes (total width,about 160 feet) (total probable area,about 310,000 
X 1 f b h bl d b r . olivine-dsoq.efrti.t)es; s1 ced samples o same num er are orn en e- ea 1ng >~ 
the remainder are true olivine-dolerites. 
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The most important occurrence of olivine-dolerites in the Loch Sunart 
area, in the Bellsgrove-Inversanda dyke system, illustrates this 
featEe of parallel (not strictly multiple) intrusion, best of all. 
The two lengths of olivine-dolerite and hornblende-bearing 
olivine-dolerite present in the Bellsgrove-Inversanda dyke system 
together run for nearly three miles (see Plate 1). Each length 
consists of three ~r more strips of dyke-rock separated by swelling 
and pinching horses of gneiss. The zone of intruded gneisses is 
usually some 50 feet in width, of which about one-half consists 
of dolerite~ .variations from this mean are related on the one 
hand to break-up in places where passage to quartz-dolerite dykes 
on the same line of intrusion is suspected and on the other to 
height relative to sea-level. There appears to be a d e:t'ini te 
relationship between the latter factor and the ratio of width of 
dyke-rock to width of intervening horses of gneiss in the zone of 
country-rocks intruded by olivine-dolerite across Garbh Bheinn 
where the dykes can be studied through more than 2,000 feet of 
vertical interval~ (Y in Table 7.1). A series of measurements 
were made from S.E. to N.w. along the dyke outcrop to illustrate 
i 
this feature. 
Locality 1 2 4 5 6 7 8 9 10 
n~:i:~ck. o.o3 o:7 1.0 1.9 G.5 1.8 2.0 oo 3.2 2.6 
Altitude 200 900 1200 1400 1250 1500 1900 2600 2250 1800 
-500 
It can be seen that %t heights of 1,500-2,000 feet above sea-
level, the ratio of dolerite to intervening gneisses is about 2:1. 
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FIG. 7.2.- 'Ehe south-east continuation of the mineralised dykes of' Garbh Bheinn 
Positive na[.netic anomalies (uncorrected) Hre j_nterpreted as oli vine-doleri t.e dykes. 
At greater altitudes, the dolerite seams appear to close up to one 
andher, whilst in valley b0ttoms they become more widely spaced. 
The total width o~ olivine-dolerite is always within the 15-30 foot 
range. The maximum width was recorded ~or the exposure at greatest 
elevation. The dykes o~ Allt a' Bhuic (X in Table 7.1) outcrop 
at heights between 1,500-1,800 ~eet above sea-level and are less well 
exposed. No signi~icant variation with altitude could be perceived 
in them. The spread o~ the intruded zone at both ends of this 
outcrop is more probably related to complex structural lines in the 
vicinity o~ the quartz-dolerite dykes occurring in strike continuation 
with the olivine-dolerites:Lkfen i'uv'diher discussion of this phenomenon, 
see Chapter v). The increase in width of the quartz-dolerites at 
greater altitudes (see Chapter V) may be correlated with the same 
control which has brought about the variation in the width of gneisses 
intruded by the olivine-dolerite seams. 
The most important exposures of pre-mineralisation dykes of the 
olivine-dolerite group east of Allt a' Gharbh Choire Bhig trend N.N.W. 
in Amhainn Coir' an Iubhair (Locality 1 of above). A camptonite 
dyke lies on the strike continuation of the Garbh Bheinn olivine-
dolerites. A small connecting exposure of olivine-dolerite does 
however, outcrop some distance to the N.E. (433847) and a short 
distance upstream from the exposures in Amhainn Coir' an Iubhair, 
a W.N.W. trending dyke is exposed (see fig. 7.2). The latter dyke 
and the camptonite are marked on Scottish Geological Sheet 53, as 
continuations of the Garbh Bheinn dolerites, joining with the N.N.W. 
trending dykesin the river. Magnetometer box-traverses in this part 
of Choire an Iubhair (see fig. 7.2) have revealed the presence of 
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FIG. 7 . 3 . - The east side of Garbh Bheinn ( 430850) with 
Coire an Iubhair in the foreground. The stream in the 
centre of the photograph follows dykes and mineral vein . 
FIG. 7.4 .- Metalliferous vein in horses of crushed 
gneiss between olivine-dolerite seams . First left bank 
tributary , llt a ' Garbh Choire Bhig ( 42585I) . 
many small negative and positive magnetic anomalies over the drift-
covered ground which may be correlated with unexposed narrow basic 
dykes, probably olivine-dolerites. Strong negative anomalies 
occurring east of the river were tentatively correlated with the south 
side of a moderately large olivine-dolerite dyke which on the magnetic 
evidence, appears to swing from W.N.W. to N.N.W. on approaching the 
valley ~entre from the east •. I On this ba sis, it is suggested that 
~ 
the N.N.w. trending dykes in Amhainn Coir' an Iubhair'represent a 
minor swing of the dyke system to the north due to the presence of a 
pre-existing crush zone of the same trend sited in the stream bed. 
~ 
There is definite.field evidence of a crush zone in the injected 
gneisses exposed in ,the stream.. The crush zone is intruded by the 
dykes but close jointing in the dykes is suggestive of some minor 
post-intrusion movements along the old line of weakness, earlier than 
or comcomitant with, partial mineralisation (see fig. 8.4). West of 
the river, the w.N.w. trend of the single olivine-dolerite exposure 
indicates that the dykes reverted to their previous trend, but 
relative to their original line of intrusion were displaced same 
several hundred feet to the north. 
The Garbh Bheinn olivine-dolerites are marked on Scottish 
Geological Sheet 53 as extending eastwards almost to the shore of 
Loch Linnhe. The dykes of this district do not include W.N.W. 
trending olivine-dolerites, but camptonites of this trend lie on the 
general continuation of the Garbh Bheinn dolerites (see Plate 1) 
suggesting their intrusion along the same fracture zone which was 
intruded by the olivine-dolerites and quartz-dolerites of the Bellsgr~ 
Inversanda dyke system at an earlier date. 
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The general location of the sliced samples collected from the 
several outcrops of the olivine-dolerite and hornblende-bearing 
olivine-dolerite components of the Garbh Bheinn and Allt a.' Bhuic 
dyke systems is given on Plate 1. Three chemically analysed samples 
were collected from the Allt a' Gharbh Choire Bhig outcrop. The 
type sample of this group of dykes (189) was taken at Locality 4 
of the above table, some 700 yards N .. 60° w. of the junction of the 
first left bank tributary of Allt a' Gharbh Choire Bhig with the 
main stream (424852), from the centre of an 8-foot seam, 8 feet fram 
the southern edge of the dyke group. Sample 193 was taken from the 
centre of ·a 5-foot dyke, the ·central seam of a group of three, at 
Locality 2, 350 yards from the tributary junction (426851). The 
third analysed sample (197) was obtained from the northernmost seam 
of the continuations of the seams of Locality 2 to a point 50 yards 
fUrther downstream in the tributary. 
' 
A number of other dykes from elsewhere in the Loch Sunart area 
proved to be olivine-dolerite in thin section. Samples 1, 1/2, 2/3 
and 13 are located on fig. 8.7. In the upper course of Allt Tarsuinn 
(313892), olivine-dolerite dykes (together with dykes of other types) 
have been deNtrally displaced by about 20 ~eet and the fault-line 
subsequently mineralised. The dyke outcropping along much of the 
lower course of Allt Tarsuinn, though heavily mineralised and not 
always characterised by the presence of brown hornblende, has 
provisionally been included in Chapter VIII. In the middle course 
of Allt Coire an t-Suidhe, a parallel group of three olivine-scarce 
dolerites (12/13, 286 and 287) follow closely the foliation of the 
semi-pelitic gneisses and at their eastern most outcrop appear to have 
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been injected through the dislocated foliation planes in much the same 
way as are the dyke seams exposed in the first left bank tributary of 
Allt Feith 'n Amean (408861). Upon the basis of their field 
relationships, the dykes may represent the W.N.W. continuation of the 
Bellsgrove-Inversanda dyke system as a section of olivine-dolerites. 
One of the rare dykes exposed on the east side of Ben Resipol (297892) 
is an olivine-dolerite assignable to the present group (4/5). The. 
upper course of Allt Meall an t-Slugain occupies a marked crush zone 
in semipelitic schist. At one point, a ·skin of sheared "white-trap" 
follows the fault race (299892)t Although the crush zone was 
probably initiated at a much earlier date than intrusion of the dyke, 
there appears to have been some post-dyke movement along the line of 
shattered gneiss, possibly simultaneous with the mineralisation. 
This.outcrop provides the only evidence of mineralisation that is 
available from the Ben l<.esipol area, and possibly represents a 
limited extension of ofie of the Corrantee Mine dykes. 
One of the few basic dykes foUn.d in the area north of Druim Glas 
outcrops on the northern side of Lochan Mhic Gille Dhuibh (36690!) 
and is a member of the present group ( 85). Samples 33 and 36 of 
members of the system of dykes exposed in the lower course of Allt a' 
Choire Dhuibh. (33288'5) are olivine-dolerites continuous along the same 
dyke seams (see fig. 6.1) with normal dolerite(in the southernmost se~ 
and hornblende-bearing olivine-dolerite(in the northernmost seam) 
respectively. Besides demonstrating the genetical affinities of these 
three petrographical types, the dykes of this occurrence have acted as 
structural controls during the epigenetic mineralisation, with the 
formation of lead veins of economical importance along walls of the dyk~ 
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A strongly mineralised olivine-dolerite dyke (49, 50) outcropping 
in the lower course of Allt Choire Chaillich (329904) supports the 
evidence of certain hornblendic schist bands (see Chapter II) that 
the mineralisation of the Fee Donald district is possibly continued 
in a W.N.W. direction towards Loch Doilet. One of the mineral veins 
at Fee Donald Mine follows an olivine-dolerite dyke (89), now strongly 
mineralised, at the side of Allt Feith Dhomhnuill (369877). 
A weathered olivine-dolerite (345) is exposed paranel to a 
nearby dyke of monchiquite in a tributary to Allt na Meinne above 
Scot st own ( 331879). An isolated patch of sheared "white-trap" ( 220), 
similar to that described above, occurs in the headwater of Bun an 
Uillt, near Longrigg farm (312858). The stream occupies a strong 
feature in the tonalite, probably a crush zone. Slight ;post-dyke 
movements probably took place .prior t,o mineralisation along the fault-
·• 
line, initiated before dyke intrusion. 
The north wall of an irregularly jointed and strongly cal:clbD.fu.sed 
dyke (442) outcropping in Allt mo Nionag (337856) is welded against 
porphyritic granodiorite distinctly altered (440) and veined (see 
Appendix A) • A dyke of olivine-dolerite (823) is strongly mineralised 
at its hanging wall contact with a broad dyke of camptonitic 
affinities in the middle course of Allt an Fhasaidh (340858). Both 
dykes have chilled edges towards an intervening·narrow horse of 
quartzitic rock followed by numerous reticulating veinlets of carbonata 
The order of intrusion is therefore difficult to assess. 
Four of the dykes which outcrop along Allt a' Chait (see fig. 8.8) 
proved to consist of olivine-dolerite. The crush zone exposed in 
the middle course of the stream has been intruded by th$ dykes; 
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slight post-dyke movements would account for the small lateral 
displacements of the dykes crossing the crush zone (573 and 581). 
A parallel fault~line downstream has affected dyke 586 in much the 
same way. Near the floor of Glen Tarbert, dyke 592 crosses the 
stream without displacement. Camptonites and camptonitic dolerites 
exhibit identical field relationships along this well exposed section. 
A few dykes of the present group were srunpled from localities of 
interest outside the main area around Strontian. A 12-foot westerlY 
dyke outcropping across the middle course of the first right barut 
tributary to the Black Water above Loch Clachaig (252790) is cut by 
ribs of carbonate in the stream. A highly mineralised sample (129) 
denotes the widespread activity of mineralising fluids around Lurga 
Mine. A galena-bearing mineral vein recently found by John Taylor 
and Company, Ltd., in Allt Mhic Chiarain at a point (246887) about 1 
mile N.E. of Resipol is probably associated with a parallel group of 
W.N.W. trending dykes exposed some distance upstream, one of which 
proved to be oliv±ne-dolerite (1109). Seams and patches of carbonate 
follow the contacts of the dyke seams with semi-pelitic gneisses. A 
dyke pointed out by Dr.A.G.MacGregor as a possible example of mineral-
ised camptonite occurs in a stream 500 yards due east of Kylesbeg on 
the north shore of Loch Moidart near the island of Shona Beag. A samp~ 
of the dyke (1065) proved to be a partly cal.cdt<ti'sed olivine-dolerite. 
The field evidence shows that seams of Permo-Carboniferous 
olivine-dolerite, together with the very similar dykes of normal 
dolerite and hornblende-bearing olivine~dolerite, provided very 
favourable structural locales for mineralisation. Dykes of the 
olivine-dolerite group cnnstitute excellent tracer-rocks in the search 
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for mineral veins. Their basic composition has "fixed" the 
mineralising fluids rising along the dyke contacts to a greater extent 
than any of the other pre-mineralisation groups of intrusives. 
Dyke contacts against country-rocks are sharp and planar. The 
frequent association of two or more seams in parallel groups results 
in the availability of several such contacts. The zone of weakness 
is sometimes further accentuated by the presence of lines of fracture 
initiated in the country-rocks at a date before both dyke intrusion 
and mineralisation. Barytes ahd metal ores are usually restricted 
to strong veins but carbonates commonly impregnate the dyke rocks in 
addition to forming veinlets along contacts between dolerite and 
country-rocks. Metasomatic effects on the dolerites have been 
drastic in many cases, with _a variable degree of conversion to "white-
trap" in which the original dolerite texture can often be discerned • 
. since the mineralising fluids have in most cases followed the dyke 
contacts, chilled edges are often in a more advanced state of carbonate 
jmpr'egnation than dyke centres. 
The best example of the mineralisation of olivine-dolerites is 
provided by the Garbh Bheinn exposures {see fig, 7.3). The 
Geological survey (Bailey and Maute 1916, 213) discovered a 4-foot 
vein of barytes associated with a decomposed, fine-gr~ed olivine-
basalt at a point 1,500 yards E.S.E. of the cairn on Garbh Bheinn. 
This exposure, in the first left bank tributary of Allt a' Gharbh 
Choire Bhig, actually lies between seams of olivine-dolerite in a 
horse of crushed gneiss (see figs. 7.4 and 7.6). Large crystals of 
galena are embedded in the coarse, bladed barytes which is 1-2 feet 
thick. A profusion of narrow stringers of orange-weathered barytes 
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run within the dolerites ~or a further 100 yards downstrerun, though a 
range o~ na1titude o~ 900-1,200 ~eet. Carbonates mainly occur as 
metasomatic alteration products o~ the dolerites. Mineralisation has 
not af~ected the dyke exposures higher up the mountain side, nor the 
relatively poor dolerite outcrops in Garbh Choire Mor (418855). 
Galena and barytes occur in very similar manner however, in the ravine 
south o~ the great spur o~ Sron Lagnan Gamhna (410859) at a height 
0~ about 2,200 feet·above sea-level. Towards the ~loor o~ Gleann 
Feith 'n Am.ean, only carbonate ribs are associated with the dykes. 
Although there appears to be some degree o~ zoning o~ lead ana barytes 
with respect to carbonate along the Garbh Bheinn dyke outcrop, the 
evidence on N.W.and S.E. sides of the mountain is conflicting. 
Nevertheless, the occurrence o~ galena, not previously reported, may 
prove to be o~ economic value despite the obvious dif~iculties o~ 
extraction in this rugged mountainous area to which access is very 
di~f'icult. 
Neither barytes or metals were ~ound to be associated with the 
All t a' Bhuic dykes, but carbonate seams are common in the dykes and 
nearby intruded crushed gneisses (see fig. 8.2). 
PetrographY. - In hand specimen, the dykes of this group are fine 
to small-grained9 dark aphanitic rocks, usually olivine-phyric (the 
olivine ~requently typically as green pseudomorphs) and o~ten 
amygdaloidal. The dykes are converted to "white-trap" in various 
degrees of' mineralisation. Weathering sometimes results in a 
spheroidal habit in altered rock and iron leaching has given rise to 
11 rust 11 layers particularly along the joints. 
ubiquitous. 
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Chilled edges are 
In thin section the most important differences between the dykes 
of thts group are in the proportions of plagioclase, clinopyroxene and 
olivine pseudomorphs (see modal ranges, Table 7.2). The amount of 
olivine varies from 4-23 per cent. In the olivine-poor ex~ples, 
certain additional petrographical characteristics enhance the 
similarities of such rocks with members of the normal dolerite group. 
Rocks containing estimable amounts of hornblende are e!cluded from the 
present group by definition. Nevertheless, traces of brown hornblende 
of primary appearance occur in many olivine-dolerites. The division 
between olivine-dolerite and hornblende-bearing olivine-dolerite is 
consequently a very arbi~ry one since it is based upon the presence 
or absence of a very small ~aunt of hornblende. However, by making 
the division it is possible to delimit the variations in mineral 
proportions and textural characteristics which accompany the gradation 
of olivine-dolerite into camptonitic dolerite and thus into camptonite. 
The dyke-rocks included in the present group, together with 
1hose of Chapter VIII are called dolerites on the basis of their 
hypabyssal mode of occurrence. It may be noted that the average 
length of the plagioclase laths of many of the samples listed in 
Tables 7.2, 8.2 and 8.3 is less than 0.5 mm.. Such rocks may 
therefore be ~rmed basalts. In general, the fine-grained rocks have 
an intergranular texture whilst the small-grained rocks possess a 
pyroxene which is usually both sub-ophitic and hypautomorphic -
intergranular in individual samples. 
In the fresher olivine-dolerites, the optical characteristics of 
the principal minerals are reasonably consistent. The petrography of' 
the analysed ~resh sample (189) is therefore given in detail and minor 
differences observed in other rocks merely noted. 
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TABLE 7.2. - Mineral cam~osition o~ unaltered Pe~~- Carb¢ni~erous olivine-dolerite Qvkes. 
Sample No. 
Plagioclase 
Clinopyroxene 
Olivine pseudomorphs 
Opaque minerals 
Interstitial chlorite 
gdales 
Plagioclase composition, 
per cent An. 
Av. length o~ 
plagioclase laths, mm. 
Av. diam. (max.) o~ 
olivines, nnn. 
-t-'~-~--0.0,---
l,k'2 4/5 12/13 33 36 60 ~ 112° ' ' 1~l~ 'l88° 190° 573 586 592 626° 823 1109 r .· 'i 
---
' . 
, . 
30.3 34.5 42.8 31.3 18.4 19.9 40.4 20.8 
'· 
.. ; y~~~ '41.2 30.7 43.1 35.7 45.6 41.9 45.1 43.4 
,..=." t 
23.9 14.5 26.0 15.3 18.5 30.7 34.0 21.7 '~~·· , ~~1~·;, 3o.o 26.8 28.7 24.8 30.3 27.6 26.0 29.4 
. 
20.9 8.4 4.1 9.2 15.2 20.7 9.6 17.4 l~h'6 18.0 22.4 7.0 15.0 8.6 12.3 18.2 13•4 
6.3 9.0 12.3 8.4 9.8 9.8 5.2 16.6 Jb.~2 3.9 5.9 4.6 5.2 8.2 7.3 8.6 6.9 
11.7 30.7 14.8 29.2 23.1 11.5 8. 5 17.3 :~ .. :J· ~~i~ 6.9 12.4 11.0 16.5 7.3 8.0 2.1 6.9 
6.9 2.9 
-
6.6 15.0 7.4 2.3 a 2 • · Jf e• 5 . .... ' .:: ... - 1.8 5.6 2.8 - 2.9 - -
-
62 
- - - -
66 - . '"'lr ,,... - f J •' " ~ ' ~· ~.:;;.... - 70 - 62 66 68 58 -
0.2 0.8 0.3 0.6 0.1 0.1 0.7 0.2. · ll 0 . 1 0.2 0.3 0.3 0.4 0.5 0.2 0.3 0.3 
0.3 2.0 0.5 1.5 0.8 0.6 0.8 0.5 . ' ~ ~~;0 0.6 0.8 0.6 0.5 0.4 0.5 1.0 0.5 
+ Group quantities include sampl.es (.see Table 713) and 614 (see ~ig. 7. 6) 
Q Samples o~ dykes 
Small amounts· o~ included in the ·plagioclase values. 
25 -
Group+ 
Av. Range~· 
34.9 18-46 
25.3 15-
14.8 4-22 
7.9 5-17 
13.1 2-30 
4.0 0-15 
64 56-70 
0.3 0.1-0.8 
0.8 0.3-2.0 
I 
Plagioclase usually exceeds pyroxene (see Table 7.2)i In 
sample 189 it has a composition of An68_76• The range in composition 
is more probably due to slight albitisation than to zoning. The 
laths average 0.2 x 0.05 mm. in size, but in other dykes show 
considerable variation from this value (see Table 7.2) and from 
Carlsbad-albite twin measurements, also appear in most cases to be 
more sodic (see Table 7.2). Up to 10 per cent of plagioclase 
phenocryst~ are present in a few dykes (12/13, 33, 50, 592). The 
phenocrysts grade in size into the more numerous smaller laths which 
in sample 592,, appear to be a little less calcic in composition. 
Even in the freshest rocks, cracks and twin planes in the plagioclase 
laths are occupied by chlorite. The same loci are most sensitive 
to mineralisation. 
Only a monoclinic pyroxene is present in. this group of olivine-
dolerites. It may be pale green or fawn in colour, occurring as sub-
ophitic plates and hypautomorphic grains. The average grain-size 
of the pyroxene relative to that of the plagioclase is very variable 
in the different dykes. A small amount of the pyroxenes of samples 
12/13 and 36 are glomerophyric, but in general, pyroxene phenocrysts 
are rarely present. The pyroxene of sample 189 has the following 
optics: 
Colour, fawn; ~Ac = 44° (maximum of 6 readings); n~= 1.678 
(z 0.002); ZV(+) = 46-48° (range of measurements on 4 grains); 
composition (Hess 1949, Plate I and Muir 1951, fig .• 4) Ca37_39 
Mg53-54Fe8_9 , corresponding to common augite (Hess 1941, fig. I) 
The normative pyroxene (see Table 7.4) is of rather different 
composition. The variation observed in the optic axial angle may be 
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related to the small amount or zoning observed in the pyroxene. In 
some cases (345, 581) late~magmatic alteration or weathering appears 
to have brought about separ~tion or iron from the pyroxene gratns 
which are bro~ in colour. 
In the majority of the fresher dykes, bowlingite forms 
char~cteristic olivine pseudomorphs, often hexagonal in shape, which 
seldom exceed 2 nun. in diameter and are therefore micro-pseudomorphs • 
The ter.m bowlingite is used here as an aggregate name to cover a wide 
variety of intra-magmatic alteration products of olivine (and other 
mafic minerals where necessary). The bowlingite is characteristically 
ribrous or platy and pleochroic in shades of green and has the 
birefringence or a dark mica. The very rresh bowlingite pseudomorphs 
or sample 121 possess a widely-spaced single direction or cleavage 
which is lengthOslow and to which extinction is parallel. Pleochroism 
is weak in the cleavage sectiQns and birefringence of second-order 
quality. Within individual pseudomorphs of this sample the 
cleavages of areas delimited by broad cracks are orientated in 
different directions. In other rocks, the bowlingite occurs as 
geometrically arranged fibres in compartments separated by cracks 
within the pseudomorphs. The fibres of each compartment show 
approximate aggregate extinction. Individual fibres show straight 
extinction and are length-fast. They are pleochroic in pale shades 
of yellow and green where numbers overlap at the edges of the 
compartments, but are almost colourless and have very low birefringence 
near the centres. The fibres appear therefore to be elongated in 
two directions at right angles to a third. Powdered rragments less 
than 0.05 mm. across in sample 189 haven~= 1.554 and n~ = 1.584 
(~ 0.002), ~-n- = 0.030, and are optically positive. These data 
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are closely comparable to those given by Winchell and Winchell (1951, 
399-400). 
The larger bowlingite pseudomorphs of individual rocks are 
usually automorphic, reaching dimensions of 3 x 2 mm., but smaller 
ones (to 0.1 ~) tend to have wispy outlines. In a few rocks (33, 
125, 345) the original olivines appear to have been glomerophyric. 
Inclusions in the pseudomorphing bowlingi te are unconnnon. In sample 
1/2, tiny needles embedded in the bowlingite may consist of rutile. 
Where opaque oxide gratrls are associated with the bmvlingite (823), 
the original olivine probably contained an appreciable tenor of iron. 
;,· 
In most cases, the olivine appears to have been a forsterite but 
there may be considerable iron in the composition of the bowlingite. 
Analyses of saponites, and bowlingites collected by Caillere an4 
Henin (1951, 143) show an average value for total iron of about 12 
per cent by weight. 
The olivine pseudomorphs of most dykes of the present group 
have an average grain-size which is considerably larger than that of 
associated plagioclases and pyroxenes, and they also tend to be more 
abundant in chilled margins (c.f. the olivines of Tertiary dolerites). 
There is little doubt that olivine was the first mineral to fonm in 
the olivine-dolerite magma. The olivines of Tertiary dykes are 
rarely altered to bowlingite whilst weathering alone has probably 
been responsible for partial or total conversion to dark green 
serpentine (see Chapter XII). The bowlingite of the present group 
of dykes weathers to carbonate and pale green serpentine and it is 
therefore doubtfUl if it developed at a weathering stage. The 
alteration of olivine to bowlingite probably took place at an 
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intramagmatic stage and the composition of the bowlingite pseudomorphs 
when calculated free of water, alumina and ferric iron (converted to 
ferrous iron), having taken into account the possible effects of 
late-magmatic iron-rich fluids, probably corresponds to the original 
olivine composition. The characteristics of the olivines of pre-
and post-mineralisation dolerites provides a ready criterion of age 
which is always born out by available evidence of field relationships. 
The opaque minerals of sample 189 in polished section are seen 
to consist of separate hypautomorphic grains of ilmenite and magnetite 
together with a few specks of sulphide. The latter shows the bluish-
grey interference colours and weak anisotropy characteristic of 
chalcopyrite. The fact that many of the opaque grains are well-
shaped may be due to alteration along crystallographic directions by 
jransparent minerals. In the rock norm (see Table 7.4), the amount 
of magnetite is somewhat greater than that of ilmenite. In other 
rocks, large crystals of pyrite sometimes occur. Sometimes the 
pyrite has a fretwork appearance (592). Dendritic opaque minerals 
are uncommon but in sample 112, they cover much of the pyroxene 
present and project into the plagioclase laths. 
Late-magmatic~ chlorophaeite (195) is usually subsidiary to 
interstitial chlorite which is rarely intersertal (586). Much of the 
chlorite of weathered rocks may have been derived from the fragmenta-
tion of bowlingite pseudomorphs and altered pyroxene. The 
susceptibility of the principal minerals to weathering is usually 
plagioclase less than clinopyroxene less than bowlingite. The 
plagioclase may appear to be more altered than the pyroxene (12/1~) 
and the pyroxene less altered than the bowlingite (190). 
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Amygdales :1are often present in this group of dykes. They vary 
~n size from o.l-3.0 mm •• The most common type consists of carbonate 
central to green, rosette chlorite, a few fragments of which are 
sometimes detached into the carbonate with consequent marginal 
corrosive effects (85), or radiating, fibrous chlorite (581). 
Alternatively, the amygdales may be composed of spherulitic antigorite 
or wholly of carbonate (195). A border of chilled rock is often 
present to the amygdales, presumably due to retardation of 
c~stallization in a relatively cool environment. Of rare occurrence 
are cross-fiber veinlets of chrysotile or iddingsite (200) exhibiting 
delicate carbonate replacements. 
The petrogrpphical characteristics of chilled margins are often 
difficult to determine because dyke edges ar$ in many cases the sites 
of mfuneralisation. Common in chilled rock are large o~ine 
pseudomorphs embedded in a matrix which is often hypocrystalline (186). 
The dolerite in contact with country-rocks may be glassy and the line 
of contact undulose. The contact illustrated by fig. 6.6 is marked 
by the presence of tiny quartz grains within the dolerite glass and a 
reorientation of the biotites of the gneisses parallel to the dyke 
contact suggesting some slight movement along the dyke margin. The 
quartz zenocrysts may have broken off from the gneiss wall during 
the movements and penetrated the plastic contact rock of the dolerite. 
There is no evidence of thermal alteration of country-rocks. A 
cross~fiber chlorite veinlet following the dyke contact probably 
crystallized from a concentration of residual dolerite fluids along 
the edge of the dyke. Autobrecciated patches of chilled edge were 
sometimes found within normal dolerite (181). Their resorption by 
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the still li~uid magma may account for the occasional appearance of 
small areas of relatively chilled rock, comparable in some ways to 
the glassy mesostasis of tholeiites and very like similar areas of 
rock in the Loch Sunart normal dolerites (see Chapter VI). Narrow 
hornblende prisms and skeletal opa~ue oxides are characteristic of 
the fine-gra!Ii.ed areas (126, 586). 
Tiny brown hornblende prisms are present in many olivine-
dolerites in ~uanttties which cannot be modally estimated. Their 
presence marks. the gradual passage from dykes of the present group to 
hornbilende-bearing olivine.-dolerites, and thus into dykes having well 
developed cam;ptonitic affinities (see Chapter VIII). In addition, 
' ' 
ill-defined "clearings" in some olivine-dolerites where plagioclase, 
apatite and pieces of carbonate are relatively more abundant, mark 
a transition to the ocellar habit of camptonites. Usually the 
amount of observable apatite is small. About 1 per cent appears in 
the norm of rock 189 (see Table 7.4). In the same sample, one or 
two small patches of sphaero-radiate zeolite were found. 
In general, the proportion of olivine at the centres of olivine-
dolerites is lower than that. at dyke margins. Where the seams are 
thick, for example in hornblende-bearing:- olivine-dolerite 650, the 
amount of olivine is very low (see Table 8.2). Dykes of the 
Bellsgrove-Inversanda dyke system belonging to the olivine-dolerite 
group have an average content of about 20 per cent of olivine 
pseudomorphs. . The average percentage in other dykes is somewhat 
lower. On field evidence (see above), the dyke seams of which 12/13 
is an example may be the continuation of the olivine-dolerites of the 
Bellsgrove-Inversanda dyke system in the Corrantee district. The 
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petrographiLcal evidence suggests that this is unlikely since the 
olivine content of dyke 12/13 is much lower than that of e.g., sample 
189 (see Table 7.2). On the whole, adganent seams of olivine-
dolerite are very similar in petrographical composition when chilled 
edges are disregarded. Samples 286 and 287 taken from seams lying 
parallel to dyke 12/13 are characterised by similar low proportions 
of olivine pseudomorphs. 
Chemistry. - The chemical analysis of the type sample of this group 
of dykes (189) is given in Table 7.5. It is notable that olivine 
appears in the no~. The normative plagioclase is considerably more 
sodic than was actually found to be the case. Some sodium is 
possibly located in the small amount of zeolite found in thin section. 
The analysis is very similar to Tomkeieff's (1937, Table I, Column 13) 
average Carboniferous olivine-basalt rock-type although the MgO:CaO 
ratio of the present analysis is somewhat greater. The large amount 
of water present in 189 is probably located in the main in the 
bowlingite pseudomorphs. 
Mineralisation. - The field evidence has shown that mineralisation 
of dykes of olivine-dolerite has in many cases been very intense. 
Not only is the susceptibility of olivine-dolerite rock to mineralisa-
tion very high, but also the favourable structural ~vironment 
offered by the dykes of this type to mineralisation (see above) has 
enhanced the degree of mineralisation. A detailed study of the 
mineralisation of the olivine-dolerites exposed in the first left 
bank tributary of Allt a' Gharbh Cho~re Bhig has been made. The 
mineralisation processes affecting other dykes included in the 
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In the fresh roc 
labradorite (rl), 
~IG. 7 .5.- Mineralisation·or olivine-dolerite 
?ol 
189 
1mm 
ordinar;s 
li~ht. 
camera 
lucida. 
( I89) olivine ~seudomorphs ( ol) in "1n··rline;i te are set arnom-st laths of' 
oxide , 
r!;1ins of augite. ( py) and ir·on , 'Tlt) , and sene chlorite ( ch). Partial (I93 
inePDlisation has a~tered bowlineite to carbonates and serpentine and aubite to chlonite and 
lel'Coxene. On strone-er mineralisation (I::?), ry:roxene TlSendomol'phs are copvPrted to carbonates 
. oxidest ( , ( ) la~ioclase to clay rr.inerals and iror o leueo::ene lc;. Vei.nlets VP of c&rbonate apreai 
present group appear from thin section evidence to follow an identical 
course and therefore only brief mention of them will be made. 
The unaltered sample (189) of the Allt a' Gharbh Choire Bhig 
olivine-dolerites has been described in detail in the petrographical 
section. Samples 193 and 197 represent intermediate and late stages 
in the mineralisation of virtually identical rock occurring at the 
sides of mineral veins. They are not however, specimens of the same 
dolerite seam as sample 189. Individual unaltered seams of parallel 
groups of olivine-dolerites have been shown to be of very similar 
composition (see above) and modal estimates of the composition of 
samples 193 and 197 (see Table 7.3) suggest that their original 
petrographical characteristics were little different from those of 
sample 189. Differences in original composition between the three 
samples can therefore be largely neglected. 
At the intermediate stage of mineralisation represented by 
sample 193 (see fig. 7.5), original mafic minerals appear to be 
more altered than plagioclase. The latter has however, been 
severely albitised, powdered fragments showing a range in composition 
from oligoclase to original b~townite (see Table 7.3). This initial 
stage of albitisation appears to have taken place at the same time 
as loss of sodium and increase in calcium in the bulk rock (see Table 
7 .4). The disintegrated alteration products of the mafic minerals 
occupy cracks and twin planes of the laths. The disposition of 
the latter nevertheless clearly defines the original dolerite texture. 
Alteration of the mafic minerals appears to ~e occurred largely in 
place, although the margins of original bowlingite pseudomorphs and 
augite grains are seldom well-shaped and usually frayed out into chloti~ 
~ 
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TABLE 7.3. - Petrographical changes during mineralisation of olivine-
dolerite. 
Degree of mineralisation 
Plagioclase 
- to clay minerals 
- to carbonate 
Clinopyroxene 
- to chlorite 
- to serpentine 
- to carbonate 
- to opaque minerals 
xOlivine pseudomorphs 
- in bowlingite 
... in serpentine 
- in carbonate 
Iron-titanium oxides· 
Leucoxene 
Interstitial chlorite and serpentine 
Interstitial and vein carbonate 
~otal chlorite 
XTotal serpentine clay minerals 
~otal carbonate 
0~(± 0.002) onilplagioclase 
cleavage flakes 
per cent An 
fresh 
189 
31.8 
29.2 
2.0 
0.8 
(22.7) 
21.0 
0.7 
1.0 
6.6 
6.9 
1.563 
-1.568 
68-76 
Most frequent compos.i tion, per cent An. 72 
ri~ (! 0.002) carbonate 
Av.length plagioclase laths, mm. 0.2 
Av.diam._(max.) of olivines mm. 1.0 
medium 
193 
30 
5 
4 
20 
-2 
2 
(19) 
2 
7 
10 
3 
3 
7 
5 
~m 
strong 
197 
5 
10 
15 
10 
5 
5 
5 
(15) 
5 
10 
5 
15 
10 
~!gl 
1.538l 
-1.567 no 
18-74 measurements 
45 
1.681 1.658 
and 1.682 
0.2 0.2 
0.6 0.5 
mode of 193 partly estimated and mode of 197 wholly estimated. 
Xconstituent minerals included elsewhere in mode. 
0n2 refers to the least index of refraction obtained on plagioclase 
cleavage flakes measured perpendicular to the two orientations (001) 
and (010) which yield similar compositions at most points along the 
albite-anorthite series (Tsuboi 1923). 
The chemical ana~sis of the bulk rock (see Table 7.4) shows that 
moderate losses in iron and magnesium have accompanied partial 
mineraliset.ton. Since original bowlingite,augite and iron oxides 
contain most of the iron and magnesium of the rock, same iron-magnesium 
- 134 -
metasomatism appears to be connected with the partial mineralisation 
of these minerals. 
The augite of 193 is pseudomorphed largely in chlorite together 
with small amounts of carbonate and tiny leucoxene grains. Sometimes 
a little fresh pyroxene can be seen at the centres of the alteration 
products. Presumably most of the original iron of' the augite 
separated out together with titanium at an early stage of mineralisa-
tion and was hydrated to leucoxene by the circulating mineralising 
fluids. There is in fact a slight loss in the total water content 
of rock 193 compared with rock 189 (see Table 7.4) suggesting that 
the formation of leucoxene took place at the same stage as the 
alteration of the bowlingite, the main hydrated mineral of the 
original rock, to non-hydrated products. The development of chlorite 
fram the residual calcium-magnesium silicates also involves the 
addition of a considerable amount of water. Original bowlingite 
remains only at the centres of the larger pseudomorphs. It has been 
largely converted, to carbonate and pale green serpentine. The 
carbonate of sample 193 shows no variation in composition from 
dolomite (see Table 7.3). Normative carbonate has been calculated 
on this basis (see Table 7.4). ..The partial alteration of original 
calcium-magnesium silicates to dolomite results in the appearance 
of free quartz in the norm although the net silicon content of rock 
193 is reduced with respect to that of rock 189. 
In other chemically investigated examples of the mineralisation 
of basic dykes (see Chapters II, VIII and IX), calcite is the only 
carbonate present at all stages of min'eralisation. In sample 193, 
the absence of calcite can in part be correlated with the lack of 
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vein carbonate (which appears always to be calcite), \tthe non-
<E"elopment o:f carbonate :from the original calcic plagioclase, and 
the high degree of susceptibility to mineralisation of the large 
amounts of magnesium-rich bowlingite present. The present instance 
of mineralisation also has the greatest elevation of any investigated 
case in the Loch Sunart area and there is a possibility that magnesium 
(and calcium) leached from the olivine~dolerites at lower elevations 
was partly "fixed" as dolemite by metasomatic reaction~?between the 
dolerite and the circulating mineralising fluids at the present 
altitude. Calcium has devertheless entered into mineralogical 
combinations much more easily than magnesium; the calcium-magnesium 
ratio of rock 193 compared with rock 189 has increased by about one-
half (see Table 7.4). 
Partial mineralisation of the bowlingite throws same light upon 
the iron content of the mineral. In the present instance, opaque 
oxides have not developed from bowlingite at any stage in the 
mineralisation process. It is therefore assumed that the original 
bowlin~e was poor in iron. In other cases (127, 822), mineralisation 
results in the appearance of numerous laucoxene grains within 
bowlingite pseudomc>rphs suggesting the presence of a large tenor of' 
iron in the original mineral. In addition, partial mineralisation 
commonly results (e.g., 125) in the development of ttnests" of 
serpentine within bowlingite pseudomorphs, possibly due to removal 
of magnesium or introduction of calcium. Carbonates are sometimes 
formed at a later stage, from both serpentine arid·bowlingite. 
In general, the amount of bowlingite and related alteration 
products decreases through the stages of increasing intensity of 
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mineralisation due to the wholesale disintegration of the smaller 
pseudomorphs, and their partial alteration to interstitial do~omite. 
The larger grains of opaque oxides are rimmed with leucoxene in 
sample 193 whilst the smaller ones are wholly altered to leucoxene. 
It is possible that same of the small leucoxenes were released during 
the alteration of the augite. The original opaque oxiaes probably 
consisted of separate grains of both ilmenite and magnetite (see 
description of sample 189). Their ubiquitous· partial or total 
conversion to leucoxene in sample 193 leads to the suggestion that 
the formation of leucoxene is not necessarily related to the presence 
of titanium in them. Leucoxene appears to have developed from 
magnetite which from optical observations contains little or no 
titanium. The possibility that the original opaque oxides of 
sample 193 were different in composition from those of sample 189 
must not be overlooked. A less probable explanation is that during 
the mineralisation of sample 193, iron-titanium transfer took place 
between the magnetite and ilmenite grains, enabling the formation of 
leucoxene around all the original opaque oxide grains. There is 
probably a considerable range in composition in the leucoxenes 
described fram igneous rocks. 
several small patches of sphaero-radiate zeolite can be seen 
in the thin section of' sample 193 and brown hornblende is also a 
little more plentiful than in sample 189; These minerals are 
pJDobably original components which have been fairly re:tistant to 
mineralisation. 
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TABLE 7.4. - Chemical changes during the mineralisation of olivine-
dolerite. 
Degree of mineralisation fftesh 
189 
46.3 
12.5 
3.8 
7.5 
10.7 
8.5 
2.5 
o.7 
3.4 
1.3 
1.6 
0.39 
o.24 
tr. 
0.5 
0 .. 02 
medium . strong 
193 197 
41.6 
11.2 
3.4 
6.6 
8.9 
10.9 
2.3 
1.0 
3.6 
o.8 
1.5 
0.42 
0.03 
tr. 
8.0 
0.16 
39.3 
13.3 
2.4 
3.0 
6.5 
11.7 
0.9 
2.8 
1.3 
0.7 
1.9 
0.40 
0.24 
tr. 
13.5 
0.24 
Total (0 for S accounted 
for) 
99.94 100.67 98.12 
2.70 Sp.Gr. 
C.I.P.W. NORMS 
q_u, 
or 
ab 
an 
c 
di 
by 
ol 
mt 
il 
py 
ap 
cc 
mm 
2.81 2.80 
4.1 
21.1 
20.8 
12.4 
18.1 
7.8 
5.5 
3.0 
0.1 
0.9 
1.1 
.4. 2 
5.9 
19.4 
17.3 
·-7~2 
16.1 
4.9 
2.9 
0.6 
1.1 
9.1 
7.6 
16.9 
16.5 
~.6 
14.0 
3.7 
0.6 
3.5 
3.6 
0.9 
1.0 
14.9 
13.3 
197 
c:f.l89 
-7.0 
+0.8 
-1.4 
-4.5 
-4.2 
+3.2 
-1.6 
+2.1 
-2.1 
-0.6 
+0.3 
+0.01 
+13.0 
+0.22 
+16.9 
+12.4 
-13.5 
~.· 6.,8 
+ 3.7 
-12.4 
-17.5 
- 7.8 
- 2.0 
+ 0.6 
+ 0.8 
+ 0.1 
+13.8 
+13.3 
C. I. P. W., Sy:mbol 
Normative feldspar 
Normative pyroxene 
III.5.4.4. III.4.4.4. mii.4.4.2 
or9Ab46An45 or14Ab45An41 or43Ab20An37 
Wo21En6oFsJ9 wo16En56Fsre Wo 0En50Fs50 
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An estimate of the composition of the strongly mineralised smnple 
197 (see Table 7.5) shows that only a small amount of feldspar remains 
from the original mineral assemblage. There appears to be about 
40 per cent of ca~}>onate in thin se~tion, the remainder being 
chlorite, serpentine, clay minerals and leucoxene. Despite the 
wholesale alteration'of the rock, the distribution of the alteration 
products can nevertheless be approximately related to the outlines of 
the original minerals (see fig. 7.5). 
In thin section, tiny "resorption crystalloids" (Niggli 1954, 
254-255), amoeboid blebs of carbonate and clay minerals leas than 
0.01 mm. across, are clustered along twin planes and have altered 
from chlorite aeruns in the plagioclase laths. In the rock powder, 
carbGnate is present (see Table 7~5) as crystalline pieces of calcite 
and as crystalloids of both calcite and dolomite (possibly with a 
small tenor ar iron). The calcite crystals are undoubtedly fragments 
of vein calcite, present as one or two seams in the rock. The 
calcite crystalloids are correlated with the partial conversion of 
plagioclase to carbonate since in sample 195, the absence of vein 
carbonate anq the lack of alteration of plagioclase to carbonate 
results in the non-appearance of calcite in the rock powder. 
Plagioclase grains sufficiently fresh for identification by refractive 
index measurements are not available in the rock powder. Identificat~ 
of the clay minerals, possibly intermixed with cryptocrystalline 
chalcedonic silica, encounters difficulties of separation. 
The albitisation of the plagioclase of sample 195 has taken place 
despite a simultaneous decrease in the sodium-calcium ratio of the rock 
by nearly 30 per cent (see Table 7.4) compared with the fresh olivine-
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dolerite ( 189) • In sample 197, this ratio has decreased by a further 
40 per cent but has been accompanied by the ~ormation o~ calcite 
~rom the residual calcium in the plagioclase and the origin o~ large 
amounts o~ hydrated aluminium silicates (clay minerals and possibly 
serpentine). This breakdown process probably liberates some silicon 
to make quartz. The silicon content o~ rock 197 has actually 
decreased by nearly 20 per cent of the runount in sample 180, but 
large amounts o~ quartz nevertheless appear in the norm (see Table 7.4~ 
There is also a gradual increase in potassium during mineralisation; 
the decrease in the sodium-potassium ratio in the three analysed rocks 
approximatesto a straight line (see ~ig. 7.7). There is no 
petrographical evidence of the ~ormation of potash ~eldspar in the 
mineralised rocks. Together with the small amounts o~ sodium 
present, the. potassium is probably located in cert~n clay minerals 
(further theoretical discussion of this problem is given by Dunham 
1948, 105). 
Other mineralogical changes exhibited by sample 197 are direct 
continuations of those begun at the stage of mineralisation 
exempli~ied by sample 193. The sites of original pyroxene grains 
are marked by clusters o~ tiny leucoxene grains. The proportion 
of the latter has increased compared with sample 193 (see Table 7.3) 
presumably due to further segregation of iron (and possibly titanium) 
from iron-containing chlorite during the conversion of the latter to 
dolomite. The dolomite possibly contains a small tenor of iron and 
forms aggregates of crystalloids, intermixed with serpentine and 
wispy, brown chlorite. The formation of dolomite and iron-titanium 
oxides from chlorite results in an increased calcium/(magnesium+ iron) 
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ratio in the residual silicate and probably accounts for the 
appearange of serpentine in increased quantity (see Table 7. 3). 
Observable olivine pseudomorphs consist entirely of serpentine and 
carbonate. Their total volume, like that of augite, is diminished 
due to textural disintegration. Interstitial chlorite,variable in 
colour and irregular in form,has also largely been converted to 
serpentine and dolomite, large amounts of which are also interstitial. 
Original normative mafic silicates disapp.ear in sample 197 with 
greater requirements for calcium and magnesium to make carbonates 
and removal of iron in large quanti ties from the rock. 
All the opaque oxide grains of sample 197 are leucoxene. The 
latter is usually stated as amorphous titanium dioxide, but it is 
notable that magnetite predominates amongst the opaque minerals of 
sample 189 which is assumed to represent the original composition of 
sample 197. The constancy of the titanium contents of the three rocks 
relative to the marked losses in total iron during mineralisation 
suggests that the leucoxene of the more altered samples is enriched 
in titanium by ca@parison with the titanium content of the original 
grains of ilmenite + magnetite. This change is reflected normatively 
in decrease of magnetite and slight increase of ilmenite. Processes 
of iron-titanium exchanges among the opaque minerals during mineralisa-
tion may have taken place (see discussion of sample 193 above). The 
considerable variations in manganese between the three rocks are 
difficult to correlate with any process of metasomatic exchange. 
Phosphorus on the other hand remains virtually constant, in the same 
way as alumina. Slight changes may be related to va~tions in 
original composition. A considerable decrease in the total water 
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content of sample 197 has taken place compared with less mineralised 
samples (see Table 7.4). This decrease is possibly connected with 
the conversion of residual bowlingite and interstitial and 
pseudomorphing chlorite present in sample 193 to dolomite in smnple 
197. Barytes is present in trace amounts in each of the analysed 
rocks. The relative inability df the sulphate ion to enter into 
metasomatic replacements with the minerals of oliv~e-dolerites is 
presumably related to the comparative atomic sizes of the sulphate 
and carbonate ions. Barium is of certain epigenetic origin in the 
thick barytes vein exposed in the first left bank tributary of Allt a' 
Gharbh Choire Bhig. It probably came up with the mineralising 
solutions as barium sulphate. There is no sign of the combination 
either of barium with epigenetic carbon-dioxide (to form witherite) or 
of iron and magnesium (leached from the basic rock) with sulphate. 
The principal chemical increases during mineralisation are in 
carbon-dioxide, potassium, sulphur and calcium (see Table 7 •. 4). 
Since distance from the source of the mineralising solutions has no 
significance in this instance of mineralisation, the grade of mineral-
isation is best reflected in the amount of carbon-dioxide present in 
each oi the three rocks (see fig. 7.7). Presumably all f'our elements 
were introduced by the mineralising fluids, although the modest 
increase in calcium may have been derived from actual dyke-rock at a 
lower level and merely.transported to its present position by the 
circulating fluids. The removal of iron, magnesium, sodium, wate~ 
and silicon from the rocks concerned is also suggested. Similar ga:lm 
and losses during mineralisation have been recorded in other basic dy~ 
The minerals of Glivine-dolerites may be arranged in the 
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following series according to their increasing order of susceptibility 
to mineralisation:- bowlingite, augite, plagmclase, chlorite, iron-
titanium oxides. Textural disintegration has also taken place to a 
considerable extent. 
TABLE 7.5. 
-
Changes in ionic ~ercentages during the mineralisation 
of olivine-dolerite. 
189 193 197 197 cf.l89 
Si 44.8 39.2 36.5 - 8.3 
Al 14.2 12.5 14.5 + 0.3 
Fe"' 2.8 2.4 1.7 - 1.1 
Fe" 6.1 5.2 2.3 - 3.8 
Mg 15.4 12.5 9.0 - 6.4 
Ca 8.8 11.0 11.6 + 2.8 
Na 4.'7 4.2 1.6 - 3.1 
K 0.9 1.2 3.3 
Ti 1.2 1.1 1.3 
p 0.32 0.33 0.31 
Mn 0.20 o.o2 0.19 
c 0.7 10.3 17.1 
s (0.03) (0.28 ~ (OH) {11.0) (11.3) 0 
Total 100.12 99.95 99.40 
197 cf.189:- cation loss 22.72, cation gain 22; anion loss 7, 
anion gain 0.39. 
The chemical changes listed in Table 7.4. are expressed in 
terms of ionic percentages in Table 7.5. The net loss of cations 
by sample 193 compared with sample 189 approxmmates very closely to 
the net gain. The amount of water (anions) lost is however, much 
greater than the amount of sulphur gained. The latter result suggests 
a volumetric contraction of the olivine-dolerite rock as aresult of 
mineralisation. Conversely, an expansion is indicated by the high 
degree of textural disintegration and the formation of a large volume 
of carbonate of relatively low density compared with original silicate 
minerals. The specific gravity of olivine-dolerite is appreciably 
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lowered by the effects of mineralisation (see Table 7.4). The use 
of ionic percentages in this study of mineralisation appears to be of 
little real advantage over a straightforward examination of the rock 
analyses. 
The mineral composition of a series of 11 samples collected from 
the four dykes exposed on either side of the galena-barytes vein 
I 
exposed in the first left bank tributary of Allt a Gharbh Choire Bhig 
is summarised in ~ig. 7.6. Mineralogical changes during mineralisaticn 
are identical with those already outlined. The grade of mineralisa-
tion is dependent not only upon distance from the mineral vein but 
also upon the position of a sample from within a particular dyke seam. 
Marginal samples (613, 612, 608) are more strongly altered t'han 
samples from dyke centres nearer to the principal channel followed by 
the mineralising fluids. Footwalls of the seams (606) are also more 
strongly affected than hanging walls (607) at comparable distance from 
the mineral.vein. Intermittent horses of injected psarnmitic gneiss 
are virtually free of vein material; the vein notably lies along 
the only gneiss horse which· is crushed. Galena does not occur within 
dyke-rock whilst barytes was not found as a metasomatic alteration 
product in thin sections of the dolerites adjacent to the veins. 
Since the samples are located across the width of the dolerite 
seams, original mineralogical variation was probably considerable. 
The gradient of mineralisation is best reflected by the proportion 
of carbonate (both as injected veinlets and metasomatic alteration 
products)in individual samPles. Vein carbonate is restricted to 
dolerite in the immediate vicinity of the mineral vein and crystalline 
. (+ carbonate in the rock powders of samples 605-607 has n» = 1. 658, -0.002 ), 
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corresponding to calcite. There is a remarkable variation in the 
composition of the carbonate forming metasomatic replacement 
crystalloids in samples 604-610. Sample 610 from the centre of the 
dyke on the northern side Of the mineral vein has only dolemite, 
nw= 1.682 <:t o.oo2). In 609 and 608, calcite is the only carbonate 
present. The crystalloids of carbonate in sample 607 have nlJ= 1.700 
-1.709 (± 0.002), illustrating a range in composition corresponding to 
ankerite with about 8-12 per cent of iron (from a comparison with 
optically similar ankerites analysed by Smythe and Dunham 1947, 
Table IV, analyses 14 and 15). In sample 606, virtually a carbonate 
rock, only calcite was found. Ankerites of the same range of 
composition as was found in sample 607 occur in srunples 605 and 604. 
The formation of anlcerite in basic dylces as a result of epigenetic 
mineralisation was found in only one other instance (see Chapter VIII). 
In the samples containing ankeritic replacements, the ~ack of 
compositional variation into calcite, the vein carbonate, is notable. 
Dolomite occurs only in the least mineralised example of the rocks 
containing appreciable amounts of carbonate of replacement type. 
The grade of mineralisation of the dolerite samples from rock 
bordering the mineral vein is extremely high; thin section evidence 
for the original presence of olivine-dolerite is limited to a fev'v 
plagioclase lath outlines and vague aggregates of leucoxene grains 
suggestive of original pyroxenes. It is notable that the carbonate 
veinlets of the highly altered rocks contain stringers of pyrite 
crystals, supporting the chemical evidence in the instance of 
mineralisation previously described for the introduction of epigenetic 
sulphides by the mineralising solutions. The relatively fresh 
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appearance of the well shaped plagioclase laths of samples 610 and 611 
further suggeststhe possibility of recrystallization of the plagioclase 
as a~sult of weak mineralisation. 
A few additional features of the mineralisation of olivine-
dolerites are forthcoming from a study of other mineralised dykes of 
this type. In sample 127, a veinlet of fine-grained carbonat~ which 
appears to have replaced chlorite is bordered by dendrites of pyrite, 
obviously connected with the incoming of the mineralising fluids. 
As in the case of automorphic pyrite crystals obliterating the 
carbonate of mineralised bowlingite pseudomorphs and amygdales (125), 
this instance illustrates replacement by sulphides. The method of 
introduction of the latter to their present particular replacement 
sites, and the physical stst$ in which the sulphide transfer took pl.ace 
is difficult to visualise excepting on the basis of ionic migration 
and aggregation at favourable loci. 
The autobrecciated edges of chilled dyke-rock appear to have been 
more resistant to mineralisation than the normal rock in which they 
occur (181), probably due to the sharp edges of the chilled pieces, 
The structural role played by the edges of the olivine-dolerite dykes 
during mineralisation is particularly well displayed by a dyke (1) 
rurming obliquely to the southern branch of Corrantee Vein in the 
upper course of Allt Tarsuinno The sampled dyke edge_is only a few 
feet distant from the mineral vein, but metasomatic replacement of 
the dense olivine-phyric hypocrystalline dolerite selvage has not 
been great. Narrow carbonate stringers have entered the chilled rock 
via embayments :din the dylce margin against mineralised gneiss (see 
fig. 6.6). Stringers of pyrite crystals occupy some of th$ veinlets. 
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Only the small olivine pseudomorphs have been actually replaced by 
carbonate. In another case (182), slight movements along margins of 
the dyke have probably been responsible for brecciation of the chilled 
rock, pieces of which are now moulded by carbonate which also for.ms 
narrow veinlets at the dyke margin. 
The mineralising fluids appear more usually to have risen along 
the walls of the olivine~dolerite seams with simultaneous permeation 
of marginal rock whilst barely affecting the central dolerite of the 
seams (e.g., sample 822, a marginal and wholly mineralised version of 
sample 823, fresh olivine-dolerite from the centre of the s arne seam). 
Chemical studies of such cases are limited by variations in original 
composition between dyke centres and edges. 
Age-relationships. - The identical field-relationships and the 
close petrographical affinities of the dykes of the olivine-dolerite 
group may be held to signify their contemporaneous age of intrusion. 
The feature continuation of the Allt a' Gharbh Choire Bhig 
olivine-dolerites cuts a felsite dyke (424853). The extensions of 
the Allt a' Bhuic dykes of the olivine-dolerite group were proved by 
magnetic methods to be of later age than the Allt Coire Man Capull 
minette at two points on the north side of Sgurr nan Cnamh (389876n 
w; 
. 
and 391876.: respectively). Both the felsite and the minette are 
dykes of probable Devonian age. Crush lines in Moine schists and 
gneisses and rocks of the Strontian Granite have been intruded in 
several places by olivine-dolerites, signifying one or more periods 
of faulting prior to the intrusion of the dykes. Close jointing in 
the dykes of such occurrences suggests that slight movements took 
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place along the pre-existing fault-lines after dyke intrusion. The 
proven dextral fault of pre-mineralisation age in th~ upper course of 
Allt Tarsuinn (313892) dislocates two dykes of olivine-dolerite, in 
addition to a camptonite. Many other instances of the mineralisation 
of olivine~dolerite dykes have been found. Dykes of' cam;ptonite and 
monchiq_uite post-date a hornblende-bearing olivine-dolerite, a member 
of' the olivine-dolerite group, but it is difficult to assess whether 
the camptonitic dolerites are associated with the dykes of' the olivine-
dolerite group or with the camp toni te-monchiq_ui te swarm (see Chapter 
VIII) .. 
Pre~ mineralisation dykes of' the olivine-dolerite group appear 
' to have been intruded in the interval between Devonian and Late 
Carboniferous (or early Permian) periods of' igneous activity. 
Discussion of their possible age-relationships with the pre-mineralisa-
tion q_uartz-dolerites is given in Chapter v. Although no contacts 
> 
between true olivine-dolerites and post-mineralisation dykes have 
been found, members of' the closely related hornblende-bearing 
olivine-dolerites are cut by probable Tertiary dykes of' all three 
petrographical types (see Chapter XII). 
A comparison has been drawn between the olivine-dolerite dykes 
of the present group and a later, post~aineralisation group of' 
olivine-dolerites in Chapter XII. 
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C H A P T E R VIII 
PROBABLE PERMO-CARBONIFEROUS DOLERI'rE DYKES OF CAMPTONITIC AFFINITIES. 
De:t'inition. - The dykes of this group are essentially olivine-
dolerites in thin sections of which primary brown hornblende occurs 
in modally estimable quantities. Like true olivine-dolerites, they 
are narrow dykes of pre-mineralisation age having a characteristic 
W.N.W. trend. 
The dykes exhibit a considerable range in hornblende content in 
thin section. Those with very small amounts of brown hornblende are 
transitional to the olivine-dolerites in which traces of hornblende 
can be detected. Dykes in which the proportion of hornblende is 
less than 10 per cent of the principal mineral present are classified 
here as hornblende-bearing olivine-dolerites. Dolerite dykes having 
in thin section more than 4-5 per cent by volume of hornblende, in 
addition may possess a clinopyroxene which is sometimes titaniferous 9 
frequently porphyritic and in some cases mantled by the hornblende, 
and an ocellar habit~ Similar features are more well developed in 
the c&mlptonites to which these dolerites appear to be truly 
transitional. such dykes are therefore called canptonitic dolerites 
in the present discussion. The presence of numerous dykes wh~ch on 
the one hand grade petrographically into the olivine-dolerites (and 
normal dolerites) and on the other into the camptonites (and. 
monchiquites) of the· Loch Sunart area where the several dyke groups 
may be assigned to the same general period of magmatic intrusion, (the 
Permo-Carboniferous) is of considerable petrogenetic significance. 
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FIG . 8 . 1 .- Hornblende-olivine- dolerite on the north 
wall of Bellsgrove excavation in the Strontian Main 
Vein ( a few veinlets c~ be seen) ( 348891 ) • 
FIG . 8 . 2 .- Ribs of calcite in closely jointed dyke 
rock and cr hed gneiss , upper Allt a ' Bhuic ( 381882) . 
magma which has given rise to camptonitic dolerite appears to have 
been relatively insignificant. A large number of dykes whic~ may 
be assignable to the groups of either Chapter VII or Chapter VIII 
have not been sectioned however, and it is possible that moderate 
errors exist in the figures given in the tables. The field relation-
ships of hornblende-bearing olivine-dolerite dykes not discussed in 
Chapter VII are described below before those of camptonitic dolerites. 
The strontian Main Vein follows one and sometimes two dykes of 
hornblende-bearing olivine-dolerite (330 in Table 7.1) at most points 
along the line of opencast workings between Whitesmith (335892) and 
Bellsgrove (448891) Mines. The dykes are for the most part heavily 
mineralised, but fresh rock outcrops on the north.wall of the Bellsgrare 
excavation, 560 yards due w. of the eastern tip of south Bellsgrove 
Loch (see fig. 8.1). The analysed samples 330-333 were collected 
at this point from north to south across the width of the dyke 
towards the mineral vein. The southern contact of the vein with 
the dyke is not actually exposed. Stringers of mineral vein also 
occur on the north side of the dyke. Evidence of shearing found in 
the injection gneisses followed by the dykes and mineral vein suggests 
that intrusion of the dykes followed a pre-existing fault line in the 
gneisses bordering the northern edge of the Stront~an Granite. The 
dykes, the mineral vein and the granite contact (in the few places 
where it is sharply defined) all hade to the south. The location 
of the Strontian Main Vein appears to have been exceptionally well 
favoured by this combination of structural features. The separation 
of dykes and vein from the granite contact is only a few feet at the 
east end of the Whitesmith workings (340892). There is only one 
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FIG. 8.3.- The southern branch of Corrantee 
Vein against "white-trap" in the north wall 
of upper Allt Tarsuinn excavation (313892) . 
FIG . 8 .4 .- White carbonate veinlets in 
closely jointed dyke in Amhainn Coir ' 
an Iubhair (433846). 
dyke along the main Whitesmith opencast and it is seldom more than one 
foot across. A number of samples collected from the Strontian Main 
Vein dyke (located on Plate 1) are all strongly mineralised (see 
Table 8.5). The western extension of the vein to Whitesmith Trials 
(328894) does not appear to be accompanied by basic dykes. 
The middle course of Allt Tarsuinn (311892) follows a group of 
parallel seams (dyke 245 in Table 7.1) of heavily mineralised dolerite, 
rare fresh samples of which ( 245, 289) are hornblende-bearing olivine-
dolerites. The principal sites of mineralisation are narrow horses 
of gneiss between the dyke seams. Parallel dyke seams exposed at 
lower altitudes in Allt Meall an t-Slugain (306893) are widely spaced 
and only a few calcite stringers are associated. The southern branch 
of Corrantee Vein is probably left by Allt Tarsuinn at about the 
location of the old mine office (see fig. 8.7). Mineralised samples 
located on fig. 8.7 are listed in Table 8.5. A number of parallel 
dykes crossing the southern branch of Corrantee Vein in the headwaters 
of Allt Tarsuinn are delitrally faulted along the line of the vein (see 
fig. 8.7). The example fathest upstream is in part hornblende-bearing 
olivine-dolerite (258 in Table 7.1). Like neighbouring parallel dykes 
of camptonite and olivine-dolerite, it is strongly mineralised to 
distances of 10120 feet from the vein excavation. In the north wall 
of the opencast, stringevs of vein cut cleanly across the dolerite face 
(see fig. 8.3). Thefreshest part of the dyke (sample 258) occurs 
at the dyke exposure most distant and south of the vein. Other sampl~ 
taken from the dyke (see fig. 8.7) demonstrate the irregular fall-off 
of the gradient of mineralisation away from the vein. The tear-fault 
has been a more favourable site for the location of the vein than the 
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FI G. 8. 5.- Hornblende-olivine- dolerite in foreground 
sheared and veined by carbonate ( at hammer) in the 
first left-bank tributary of Allt a ' Bhuic (369885) . 
FIG. 8 . 6.- Horse of' alt.ere·tlcd schi st along hornblende-
olivine-dolerite dyke at Salen Pier, Salen (198 8~7). 
dykes, but the mineralisation of the latter demonstrates a considerable 
diversion of the mineralising fluids fram the main channel. 
A single dyke (14/15 in Table 7.1) of hornblende-bearing olivine-
dolerite exposed about 1 mile due north of the summit ef B~n Rf3sipol 
may represent a westward continuation of a group of dykes, some 
camptonites and others possibly mineralised dolerites, exposed in 
the middle course of Allt Coire An t-Suidhe (303906). A mineralised 
dolerite (220 in Table 7.1) is strongly sheared along a fault line in 
the upper course of Allt Meall an t-Slugain (312858). The possible 
continuation of this fault-line to the N.N.E. (see Plate 1) on the 
west sid.e of Coire an t-Suidhe may have at'fected the Commtee Mine 
dykes. The recurrence of dykes and mineral veins in a similar 
association to that at Corrantee in Allt Mhic Chiarain (248887) some 
4 miles to the west but nearly 1 mile south of the strike continuations 
of the Corrantee dolerites suggeuts the possibility of a major 
sinistral shift in the zone of dyke intrusion _and mineralisation, 
possibly along the line of the Coire an t-Stidhe fault. The contrastad 
absence of basic dykes and mineralisation in the area north of Ben 
Resipol, the expected westward continuation of the Bellsgrove and 
Corrantee dykes and veins, lends some significance to this broad 
interpretation. 
The northernmost seam ( 30 in Table 7.1) of the group of IB rallel 
dykes occurring in the lower course of Allt a' Choire Dhuibh (332885) 
consists of hornblende-bearing olivine-dolerite in its east (30) and 
west-central (374) parts but in its westernmost outcrop (see fig. 6.1) 
is an olivine-dolerite (36). Details of this occurrence are given 
in Chapter VI. Another dyke of the present group (110) outcrops in 
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FIG¢ 8 o 7 .. - Sketch ..... map of' the geology of Corrantee ~Hne 
tonalite on the south side of a possible east-west fault feature, 
about 700 yards S.S.E. of Bellsgrove Lodge (339878). A broad 
hornblende-bearing olivine-dolerite -(91) is well exposed in the left 
brolit of Allt Feith Dhomhnuill opposite the northernmost old shaft of 
Fee Donald Mines (372899). At the base of the dyke, the dolerite is 
partly mineralised (92) and has been tunnelled. No doubt the old 
miners realised the significance of 11 whin11 dykes in their search for 
mineral vej.ns. The old shaft lies on the strike continuation of the 
dyke. 
A dyke (484) of the present group cuts across a sheet of 
granodiorite porphyry on the Loch Sunart shore near $trontian (326843) • 
Edges of the dyke 8~e irregular and the dolerite is closely jointed 
and mineralised. A number of dykes of hornblende-bearing olivine-
dolerite ( 576, 583, 587, 594) are exposed in the All t a 'Chait stream 
section {386842). Their field relationships are illustrated on fig. 
8.8 and summarised in Table 7.1. The upstream dykes cross a belt of 
crushed ~uartzit0 along which slight post-dyke movements have resulted 
in lateral displacements of the dykes across the stream. Some 
mineralisation appears to havetaken place along the fault line since 
the dykes are partly mineralised in the crushed rock. 
A dyke of hornblende-bearing olivine-dolerite (728 in Table 7.1) 
exposed on the south side of the first left bank tributary of Allt a' 
Bhuic (369884) is strongly sheared and mineralised in the stream (see 
fig. 8.5). Serial samples (located on fig. 8.9) along the dyke are 
progressively more mineralised towards the shear plane. The J.a tter 
is followed by thick seams of carbonate along its upstream continua-
tion. The zone of sheared gneiss was probably intruded by the dyke 
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before mineralisation. The relatively small displacement it has 
undergone signifies a slight movement of post-dyke age along the pre-
existing fault line before the date of mineralisation. 
Samples of the W.N.W. trending dykes exposed at Salen Pier 
(198876j see fig. 9.5) proved to be hornblende-bearing olivine-dolerite 
(1028), in places partly mineralised (1029) by carbonate seruns which 
mainly follow included lengths of schist (see fig. 8.6). One (1055 
and 1058) of the Gortenfern dykes (see fig. 9.6) belongs to the 
present group and is also partly mineralised (1060). A W.N.W. 
trending dyke axposed in the left bank of the eastern branch from the 
middle course of the firstagftt bank tributary (253791) of the Black 
water above Loch Clachaig (Lurga district) is centrally a partially 
mineralised hornblende-bearing olivine-dolerite (714). The northern 
side of the dyke is strongly mineralised (1~3, 135, 136) and followed 
by calcite stringers. The right bank exposure (716) appears to be a 
sinistrally dislocated mineralised version of the main outcrop. 
The occurrence of this and other mineralised basic dykes along this 
stream demonstrates the widespread activity of the miaeralising 
fluids in the Lurga area. In the fork of the same tributary 
(250793), a substantial seam of barytes occurs within quartzitic 
Moine schist. 
The most important dyke (202 in Table 8.1) of c~tonitic 
dolerite found in the Loch Sunart area is exposed as a parallel 
group of 1-3 seams along the middle and lower stretches of Allt nan 
Cailleach. ~the most upstream outcrop (314873), a seam of 
camptonitic dolerite (301) is followed by carbonate veinlets and 
parallel seams are composed of camptonite. 
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TABLE 8.1. - Field data for Permo-Carboniferous dykes of camptonitic 
dolerite exposed near Strontian. 
Width(ft.2 Length( ft.2 Area( sg,. ft. 2 Trend(deg.2 Elevat·ion( ft) 
Av.Range. Exp. Unex;p. Exp. Unexp. ~- Range. Min.:.. ~ 
(c) Individual dykes. 
202 5 2-8 2,000 4,000 10,000 20,000 NW N40W-N50W 150 730 
( 1-3 seams) 
389 l.:L o;; 60 40 20 60 850W 130 2 -" 
488 3 10 40 30 120 N50W 20 
585• 2t 
-
10 100 25 250 N70W 1500 
590 2 20 50 40 100 S70W 800 
591 4 20 20 80 80 N70W 800 
658 2 30 200 60 400 N50W 750 
741 li :1:-2 300 1200 450 1800 N80W 1050 
1081 4 
-
100 ?600 400 ?2000 N80W 10 
1085 3 150 5Q. 450 150 N80W 30 
1097 5 20 100 100 500 N70W 70 
(b) Averages and totals. 
13 2t 1-5 ~720 
dykes (total width, 
about 34 f't.) 
~00 11,725 25,460 N71W N40W-850W 10 1,500 
(total probable 
area, 40,000 sq.ft.) 
The same situation exists in the downstream exposures (202, 203) near 
Anaheilt Manse (328864). The camptonites form the more sbuth-
westerly seams in each case. A dyke (207) exposed in the stream 
330 yards W.N.w. of the manse is pDssibly a divergent member of this 
group. It is severely ec:ale:i.Jtaaexl and country-roc):cs of granodiorite 
(210) at its south side are crushed. The dykes of the Allt nan 
Cailleach group appear to have intruded joint planes of the granite. 
About 100 yards north of Anaheilt Manse (328886), a dyke (389) of the 
present group trends at right-angles to the Allt naa Cailleach dykes. 
Calcite veinlets occupy the dyke footwall (389'). 
A carnptonitic dolerite (488) is exposed in the roadside on the 
south side of Loch Sunart near Rudh' an Torr mholaich (324835). 
Similar dykes (1081 and 1085) are exposed in the continuation of the 
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F'IG. i3.8.- Sketc11-maD of' the dykes exnosed along Allt a' Chait 
road section westwards to Rudh' an t-Sabhail (281833) and Rudha an t-
SalainnJ(275831) respectively. Another camptonitic dolerite (1097) 
occurs along the sheared hanging wall of a crunptijnite dyke exposed 
in the lower course of Allt mo Nionag (329859). A "T" shaped dyke 
(590 and 591) outcropping in the lower course of Allt a' Chait (386842) 
is a camptonitic dolerite, as also is one of the dykes exposed in the 
first stream east of Allt a' Chait (392843). In the middle course of 
Allt Daraich (419837), an isolated exposure of marginally sheared 
and weakly mineralised camptonitic dolerite (658) is continued 
northwards on Geological Sheet 53 as a dolerite dyke which (see 
Chapter XII) at the head of Coire a 'Choithruim is actually a normal , 
' 
dolerite of probable Tertiary age. 'Fused gneisses at the south side 
of the southernmost quartz-dolerite dyke exposed in the middle course~ 
of Allt a 'Bhuic (375883) are intruded by a camptonitic dolerite (741, 
755) which runs parallel to the quartz-dolerite margin for several 
hundreds of yards (see fig. 5.8). The freshest sample (719) of a 
,, ' N.N.E. trending dyke exposed across the first fork (253788) in the 
first tributary to the Black Water above Loch Clachaig (Lurga district) 
is a camptonitic dolerite which iss trongly mineralised (131) along 
its strike. 
It is perhaps notable that camptonitic dolerites are seldom 
exposed above an altitude of 1,000 feet (see Table 8.1)~ 
PetrograpJ:ly. - Hand specimens of dolerite dykes of camptonitic 
affinities are virtually identical with those of olivine-dolerites. 
The ocellar habit of some camptonitic dolerites is seldom sufficiently 
well developed to be megascopically distinguishable. The dolerites ~ 
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Xgroup quantities include samples 728 
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are dark, fine to small-grained aphanitic rocks, often strongly 
weathered end sometimes amygdaloidal. Chilled edges are well~ 
developed end have been favourable sites for mineralisation. 
Modal analyses of relatively fresh examples of dykes of 
hornblende-bearing olivine-dolerite and camptonitic dolerite are 
given in Tables 8.2 and 8.3 respectively. The division between the; 
;~ 
two types is an arbitrary one, based solely upon the volume of brown 
hornblende present in thin section. Comparison of the two group 
averages nevertheless illustrates that certain petrographical I <· 
differences exist between the two types. .Besides a larger hornblende 
content, camptonitic do1erites have considerably less plagioclase an,~ 
rather more clinopyroxene (sometimes titaniferous) and olivine (as .:· 
pseudomorphs) than can be found in hornblende-bearing olivine-doler:Lt:ea 
' ' 
In the cam;ptonitic dolerites, phenocrysts of pyroxene occur more 
commonly, some pyroxene grains of the matrix may be mantled by 
hornblende, and small amounts of analcite and biotite sometimes appear 
in "clearings" among the mafic minerals marking the development of an 
ocellar habit. It must be noted however, tgat certain hornblende- , 
bearing olivine-dolerites (e.g., 110) have a stri~ing lamprophyric 
appearance whereas some camptonitic dolerites are straightfo~vard 
dolerites but for their content of brown hornblende. 
A detailed description of the analysed sample 330 of the Stront~i~ 
Main Vein Dyke, labelled as a hornblende-bearing olivine-dolerite, 
' < 
is given below together with additional notes on the other members 
of this group and is followed by a general description of the 
camptonitic dolerites. Although sample 330 is partly mineralised, 
only the olivine pseudomorphs have been affected to any degree and 
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the general characteristics of the rock are very similar to those 
of other less mineralised dykes of the srnne type. 
Plagioclase laths in sample 330 average 0.3 mm. in length and 
form less than one-third of the rock; rarely is the plagioclase 
porphyritic in dykes of this type (e.g., 30). They vary in 
composition from sodic to calcic labradorite (see Table 8.6), 
suggesting that a small amount of albitisation has taken place, 
probably as a result of weak mineralisation. Small amounts of 
replacement crystalloids ·or calcite, nw = 1. 658 ( :t 0. 002), and clay 
minerals are associated with the plagioclase. Carlsbad-albite twin 
measurements made on the plagioclases of other hornblende-bearing 
olivine-dolerites show that the composition of the plagioclase 
always approximates to a labradorite (see Table 8.2). The freshest 
sample of the Allt a' Bhuic hornblende-bearing olivine-dolerite dyke 
(728, see fig. 7.9) has plagioclase which ranges in composition from 
An16_58(n2 = 1.536-1.559), but Caisbad-albite twin measurements 
denote only the presence of labradorite. Since many of the dykes 
of the present group are partly mineralised, albitisation of the 
original labradorite (not detected by C~bad-albite twin measurements) 
may therefore in many cases be suspected. The broadest member of 
the dykes of the olivine-dolerite group, 30 feet across on the 
northern shoulder of Garbh Bheinn, is a hornblende-bearing olivine-
dolerite at its centre (650) containing more than 50 per cent by 
volume of plagioclase laths which average 0.9 rom. in length and have 
the composition of calcic labradorite (see Table 8.2). The 
proportion of olivine present in this sample is conversely very low. 
The plagioclase laths of hornblende-bearing olivine-dolerites 
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have a disposition characteristic of dolerites and make a sub-ophitic 
or intergranular texture witn plates of hypautomorphic grains of 
pale green or buff-coloured clinopyroxene. The average grain-size 
of the latter is usually about 0.2 mm. A distinct generation of 
pyroxene phenocrysts is seldom present (e.g., 374) but a size-range 
amongst the grains of individual dykes to 1-2 mm. is not uncommon. 
Partial alteration to green or brown chlorite and iron oxide grains, 
particularly at grain edges, often occurs and may be atributed both 
to partial mineralisation and weathering. The clmnopyroxeae ef 
sample 330 has the following. optics: 
Colour, pale greenish-brown; t Ac = 44° (mrutinrum of 4 readings); 
np = 1.692 (± 0.002); 2V(+) = 50-54° (range of measurements on 3 
.. "-·~·::.'-~~ins~) ·oompos1l.tion (assuming 2V = 52°) ca43Mg4oFel7 (Hess 1949, 
Plate'!), ca44Mg39Fe17 (Muir 1951, fig.4), corresponding to 
common augite of dippsidic tUPe (Hess 1941, fig.l). 
The clinopyroxene of sample 728 shows slight differences to that 
of sample 330. It has the following optics: 
Colour, pale brownish-green; ~Ac = 44° (maximum of 3 readings); 
n~ = 1.683 (: 0.002); 2V(+) = 46-50° (range of measurements on 
3 grains); composition ca39Mg49• 6Fe11• 6 (opera cita), 
corresponding t~ common augite, poor in iron (op.cit.sup~a). 
Both pyroxenes are approximately similar in composition to the 
pyroxene of.the type olivine-dolerite (see Chapter VII~. That of 
sample 330, containing 3i per cent of brown hornblende is notably 
more rich in calcium and iron than that of sample 728 (with 2.3 per 
cent of brown hornblende). The latter has in turn a more calcium-
iran rich pyroxene than that of the type olivine-dolerite (189, see 
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Chapter VII) which contains only traces of brown hornblende. The 
increased iron content of the titaniferous clinopyroxene of the type 
camptonite (see Chapter IX) further suggests enrichment mf iron in 
the clinopyroxenes of the possible petrogenetic series, olivine-
dolerite to camptonite. 
Large bowlingite pseudomorphs after olivine have identical thin 
section characteristics with those of. olivine-dolerites (see Chapter 
VII), and as with the latter_ dylces, variation in the content of 
original olivine between inaividual hornblende-bearing olivine~doleriws 
is considerable (see Table 8.2). In general, olivine pseudomorphs 
are most common in samples of narrow dykes or chilled edges. Weak 
mineralisation has resulted in the partial or total replacement of. 
bowlingi te by carbonate and t.o a lesser extent by pale green 
serpentine (289, 330). The unaltered bowlingite fibres of sample 
330 are length-fast. The larger pseudomorphs (to 2-3 mrn. across) 
are usually better shaped and possess more clearly defined outlines 
than small pseudomorphs occurring in the same sample (see fig. 8.14). 
The smaller bodies appear to have been less resistant to both 
mineralisation and weathering. The volume of olivine pseudomorphs 
present is in general inversely proportional to that of plagioclase. 
The brovrn hornblende of the dykes of this group forms tiny, 
well shaped prisms which usually average 0.05 mm. in length and 
seldom exceed 0.1 mm. They occur scattered throughout thin sections 
of the rocks a.Tl.d only in rare cases appear to have altered from 
clinopyroxene or to be concentrated in clearings of ocellar type 
among the mafic minerals (e.g., 728, 729). The amount of brown 
hornblende cannot be related to the degree of mineralisation but the 
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relative resistance of the tiny prisms to mineralisation often 
emphasises their presence in mineralised rocks. In one case (30), 
hornblende pr:Bns appear to be grouped ground calc~.:tised olivine 
pseudomorphs. The hornblende of hornblende-bearing olivine-dolerites 
is probably very similar in composition to that of camptonites (see 
Chapter IX). It has the fo~~owing optics: 
Pleochroism: oc. orange or brownish-yellow, ~ dark reddish-brown; 
~~c = 11-13°; 2V (-) about 80° (from an approximate Universal 
stage measurement made on the hornblende of sample 728). 
Primary opaque minerals occur as numerous grains of magnetite-
ilmenite in most hornblende-bearing olivine-dolerites. Pyrite is 
relatively uncommon. A little apatite is sometimes embedded in the 
plagioclase laths. Less than 1 per cent occurs in the norms of the 
analysed samples (see Table 8.7). knygdales are often plentiful 
(see Table 8.2), with carbonate and fibrous chlorite the principal 
cmuti. tuents. 
Interstitial green or brovrn chlorite and carbonate are common 
even in the freshest samples of the dykes of this group. Their 
abundance may in part be related to the ready alteration and disinteg-
ration of small bowlingite pseudomorphs and some clinopyroxene grains 
on partial mineralisation. A combination of strong weathering and 
mineralisation has converted most chilled edges of hornblende-bearing 
olivine~dolerites to aggregates of chlorite, carbonate, serpentine, 
clay minerals and leucoxene in which only the outlines of a few 
original olivines can be d±scerned. Dykes poor in olivine have 
none of the additional characteristics of nonnal dolerites (see 
Chapter VI), although the development ctf~ ho:rnbJ:-ende'-l;:?'e'aririg oliV'ine-
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dolerite ~rom normal dolerite in the common parent magma probably 
took place simultaneously with that o~ olivine-dolerite. 
A detailed petrographical study o~ hhe camptonitic dolerites 
has not been made. For the most part, the dykes are petrographically 
very similar to the hornblende-bearing olivine-dolerites. Plagioclase 
laths are both less common and o~ smaller average length than in the 
latter dykes (see Table 8.3). Associated apatite needles are 
sometimes profuse (202) and in one case (488), analcite ~ibres appear 
to have altered ~rom the plagioclase. Carlsbad-albite twin 
determinations listed in Table 8,3 are probably o~ little signi~icance, 
but suggest that a small amouht o~ glomerophyric plagioclase in 
sample 1081 is more calcic than the laths· o~ the matrix. The 
clinopyroxene may be pale green (719) but is more o~en pale brown 
and sometimes purplish-brown and pleochroic (488, 585). It m~ 
·K 
show zoning (202, 389) or hour-glass structure (741, 1081). Small 
amounts in most dykes are true phenocrysts (see Table 8.31 which in 
sample 389 are partly glomerophyric. Much of the clinopyroxene of 
;. 
individual camptonitic dolerites is hypautomorphic-intergranular; 
sub-ophitic clinopyroxene is less common than in hornblende-bearing 
olivine-dolerites. Olivine pseudomorphs are identical with those 
o~ hornblende-bearing olivine-dolerites. They are notably .aiDs~nt 
from sample 590, in a dyke o~ strong camptonitic affinities. 
Prisms of' brawn hornblende are both more abundant and of 
somewhat larger size than in dykes o~ hornblende-bearing olivine-
dolerite (see Table 8.3). They ~requently e~hibit paragenetic 
relationships towards clinopyroxene grains in exactly the same way 
as in camptonites. The thin section optics o~ the hornblende pre 
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TABLE 8 . 3 . - Mineral comEosition of unaltered Pe~d~~arbbniferous ~kes of crunEtonitic dolerite . 
201-r.. 590, .}\ 59'1~1 Group Sample No . g.Qg ~ ~ 585 658 719 741 1081 1085 1097 Av. Ra.Jlge . 
~ r,· )' ! t ~ - - -
19.7 25 26. 6 34. 2 24. 0 '{;'6 :·'5 .1 ' Plagioclase ~. f) 35. 0 35 . 9 34. 8 36 . 1 23. 5 28. 8 29 . 3 19- 40 
Cl inopyroxene 28. '7 20 29 . 2 29 . 1 27. 1 ~·If ~ ~3~ 41 12. 9 27. 0 30. 4 36. 1 38 . 0 29 . '7 28 . 1 13-38 
elivine pseudomorphs 9 . 5 15 8 . 6 12 . 4 24.2 ~ ... · ~..,4:·~ · 21 . 8 16. 3 4.0 10. 4 8.3 15 . 6 14. 2 0-24 (b ,!.l 
Brown hornblende 4 . 5 10 9 . 6 6 . 0 7 . 0 ··.e rr,. ~4 . t7; 5 . 0 4 . 1 4 . 0 6 . 9 5.7 3 . 8 5 . 6 3!-10 Iii! • ~ 
Opaque minerals 9 . 5 10 11. 0 9 . 1 7 . 5 , e. et" 6:4 9 . 1 9 . 0 10. 2 7 . 0 13. 2 7 . 1 Si 9 6- 13 
Interstitial chlorite 20. 1 15 7 . 1 5 . 0 8 . 7 h'5. 2'~ -~~~,_5' 6 . 2 3 . 0 7 . 9 1 . 5 9 . 9 6 . 7 8 . 6 3- 20 
Interstitial carbonate - - 2 . 5 1 . 7 1 . 5 t-o o . ~ ~~ ., 8.0 - 3.8 - 1 . 4 - 1 . 6 0 .. 8 
.Amygdales 8 . 0 5 5 . 4 
- -
..... · ~ '~3~-~ 1 . 8 4 . 7 4.9 2.0 - 8.3 3. 5 0-8 r•. . . . . Analcite 
- - -
2 . 3 
- ( .,. • '>!.· ·~~ · - - - - - - 0 . 2 0-2 ri Biotite - - - 0 . 2 - :... ~· rs O. JJ ' 0.2 - - - - - tr. tr. ;~'ia:"t)'· ·~ ~~'I .~lciit~l 
... ,~·.tfl r -~ ... 
Plagioclase composition, 48 
per cent An. -56 - 66 - 66 ~,,r..;:wx.4.i:3:~«rl - 68 62 64 - - 62 42-68 (""' ~ -.-..·.~-· •'!i ~.: .... •·. 
Av . length of plagioclase 
laths, mm. 0 . 1 0 . 1 0.2 0 . 4 0 . 3 £!''.0 '~ £[ ' () 2 ( __ .... ! ; ... _ ~ ' • 0 . 3 0 . 3 0 . 2 0 . 2 0 . 2 0 . 3 0 . 2 0 . 1-0. 4 
Av . dirun. (max.) of 
oli vin~ nnn. 0 . 5 0 . 8 0 . 8 1 . 0 1 . 0 ~~~lR~l~~~ 1 . 0 0 . 8 1 . 0 0 . 8 0 . 8 1 . 0 0 . 9 0 . 5-1 . 0 • . ~ tl< l r. 
1 -... ~,.,'!o : f/ ... .,·'! J .. • .. ·c•.i>'f , ,,ll.,_,p, ' 
Av. length of hornblende 
prisms , mm. 0 . 05 0 . 05 0 . 15 0 . 2 ·o . o8 t'o · :u~- or.o 0 . 08 0 . 05 0 . 05 0 . 10 0 . 05 0 . 10 0 . 08 0 . 05- 0 . 2 . . , .  
.. ,~r ,.~ . 
I ~ -~-·. ·:., t.' 
Two generations of 
clinopyroxene present X 
-
X X 
- ~X.-:!Jl1~l l l:'lX1•~'JI - X X X X X 
Oeielli developed 
- - -
X X J'M~;.,.~~ I l!~W.J X 
-
X X X X 
+mode estimated except for hornblende and opaque minerals. 
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similar to those already described in hornblende-bearing olivine-
dolerites. Sometimes hornblende is concentrated in ocellar type 
clearings among the mafic minerals in which plagioclase, apatite, 
carbonate and traces of analcite can also be seen (488, 590). In 
sample 590, hornblende prisms and fibrous chlorite are common at the 
margin of a large crystalline bleb of carbonate. The formation of 
the brown hornblende of·camptonitic dolerites appears to·have taken 
place at a late stage in the comling history of the dyke~forming magma. 
The relative11 low temperature environment existing at the edges of 
carbonate-filled vesicles also appears to have favoured the det.:e,lop-
, ..... 
ment of brown hornblende (585, 741). ' Small amounts of biotite, SJ.S 
tiny flakes difficult to distinguish from hornblende prisms in modal 
I .· 
I 
counts, are present in a few samples (see Table 8.3). 
Chemistry. - The analysis of sample 330 (see Table 8.7) can only 
be compared with that of' a fresh hornblende-bearing olivine-dolerite 
after recalculation f'ree of' calcite. The calculation is complicated 
f.. f, 
by the f'act that calcite has selectively replaced certain minei,'al·s 
o~ the rock, mainly bowlingite and that it is not certainly known if' 
calcium was introduced by the mineralising f'luids. · Removal of' some 
4 
6 per cent of' carbon-dioxide f'rom the analysis would necessitate the 
removal of an additional 8 per cent of CaO (approximately). 1he 
principal gafums would be in Si02 (about 6 per cent), Al2o3 , Mg~ and 
·,. 
total iron (each about 2 per cent). A rock of this camposttiGn 
would approximate closely to Tompkeieff's average Central ScottiSh 
~ Carbonif'erous olivine-basalt (1937, Table I, analysis 13) and also 
l 
show few dif'f'erences to the Loch Sunart Permo-Carbonif'erous olivine-
r 
aemerite (189 in Table 7.4). 
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Mineralisation. - Dykes of hornblende-bearing olivine-dolerite have 
played an important part in the location of the mineral veins of the 
Strontian Lead Mines (e.g., the Strontian Main Vein and part of the 
southern branch of Corrantee Vein). The dykes followed by the veins 
appear to have been thoroughly soaked by the mineralising fluids 
which introduced large volumes of carbonate into the dykes besides 
affecting an almost complete breakdown of the original mineral 
assemblages of the dolerite rocks. Estimates of the. mineral 
composition of about a dozen samples, mineralised to various degrees, 
of each of the Corrantee Vein dyke seams and the Strontian Main Vein 
dyke seams are given in Tables 8.4 and 8.5 respectively. Petrographooat. 
changes which have taken place during the mineralisation of hornblende-
bearing olivine-dolerites are almost identical with those described 
for olivine-dolerites. 
TABLE 8.4. - Estimated mineral comEosition of samEles of the 
Corrantee Vein dyke spams. 
GrouJ2° 
2 ~ gg 23 ~ 25 26 27 .&§. Av. 
-
Plagioclase 5 10 5 20 10 25 13 
Xpyroxene pseudomorphs 5 5 10 15 5 ~ 10 (14~+ 
XQlivine pseudomorphs 20 10 10 15 5 10 (9 . 
Brown hornblende ~ tr. 
Opaque minerals 20 10 15 10 15 10 10 10 10 l-1 
Bowlingite 5 2 ~5 3 ~ 
Total chlorite 10 20 10 20 20 15 15 20 14 
Total serpentine, clay 25 20 35 30 20 20 20 25 15 20 
minerals 
Total carbonate 30 35 40 40 20 40 50 10 30 27 
AmYgdales 5 10 5 3 
Barytes 5 20 
-
2· 
vein ore 20 2 
xpseudomorphing minerals included elsewhere in mode. 
0 group quantities include sgmples 245 and 289 (seeTable 8.2). 
+inCludes 5 per cent unaltered clinopyroxene 
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The ~ield occurrence o~ hornblende-bearing olivine-dolerite dyke 
728 has already been discussed. The petrographical changes which have 
taken place during the mineralisation o~ the dyke are summarised in 
~ig. 8.9. Since the mineral veinlets (restricted to carbonate) have 
followed a line of cru~hed rock more or less at right-angles to the 
strike o~ the dyke, the course o~ the mineralisation process can be 
studied in rocks o~ approximately similar original composition. 
Un~ortunately, weathering o~ the more strongly sheared and mineralised 
rock has taken place to a much greater degree and ~or.ms a serious 
disadvantage to chemical investigation. 
The petrography o~ the freshest sample {728), obtained 1 ~oot 
~om the margin o~ the dyke has been dealt with in the petrographical 
section. Olivine pseudomorphs are larger and more abundant than in 
the other samples (see 8.10). Although the augite is less altered 
than in the other samples and some o~ the plagioclase more calcic, 
the degree o~ albitisation o~ the plagioclase has been more severe 
than in samples 97 and 99 situat~d nearer to the vein and more central 
in the dyke. The plagioclases o~ the latter samples have respectively 
n2 = 1.538 - 1.555 (! 0.002) 9 corresponding to An18_50 and n2 = 
1.543-1.557 4! 0.002), corresponding to An3o-54• Again, sample 99 
situated nearer to the vein than sample 97, has a less albitised 
~eldspar. The augites o~ these samples are marginally altered to 
green chlorite (see ~igs, 8.11 and 8.12) and magnetite-ilmenite 
grains appear to have separated during the alteration process. 
Aroygdales are more common than in sample 728 and small amounts o~ 
interstitial carbonate are present. Bro\v.n hornblende is concentrated 
in areas where mafic minerals are relatively uncommon, comparable to 
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FIG. 8.JD 
Wea.Iq.y mineralised rock - augite grains 
and large eliv:ine pseud(l)lllorphs occur 
among oligoclase-labradorite laths. 
Opaque grains are magnetite-ilmenite. 
FIG. 8 •. l2 
Mineralised rock - carbonate (var,ying 
framcalcite to ankerite in composition) 
is common in ali\Ygdales and olivil'le 
pseudomorphs and also interstiti~. 
Augite is pseudomorphed ill chlorite 
and iron-titantwm oxides part~ 
converted to leucoxene. Same calcite 
veinil'lg has taken place. 
FIG. B.ll 
Mil'leralised rock - augite is 
marginal~ altered to chlorite, 
bowlingite central~ to cal.cite. 
Rare prisms ef brown hemblende 
are more read~ discernible in 
"clearil'lgs" between plagioclase 
laths. 
FIG. 8.13 
Strongl;y; mineralised rock - the 
plagioclase is albite-andesine, 
the augite pseudomorphs are 
large~ converted to calcite and 
onlJr the outlines of the larger 
olivine pseudomorphs can be seen. 
Calcite-chlorite amygdales are 
common, opaque oxides are mainlJr 
leucoxene and brown hornblende 
prisms are frayed; textural 
disintegration is ver,y marked. 
FIGS. 8 . 10-13 .- Mineralisation of' hornblende-bearing 
olivine-dolerite 
the ocelli of camptonites. Bowlingite pseudomorphs are largely 
altered to carbonate. The total amounts of carbonate in samples 
97 and 99 are considerably in excess of that of sample 728 but are 
doubled in sample 731 from the mineral vein contact. Calcite, nus- = 
1.658 (± 0.002), occurs in all the rocks of this series. Carbonates 
of differing composition occur only in sample 99; a remarkable range 
from calcite through dolomite to ankerite, nw= 1.701 <t 0.002) 
was found. The latter value corresponds to a manganian ankerite 
analysed by Smythe and Dunham (1947, Table IV, analysis 14). 
Textural disintegration has taken place in sample 731 at a 
maximum for the series (see fig. 8.13). The plagioclase is severely 
albitised with n2 = 1.529-1.552 (± 0.002) corresponding to An1_46 
and converted largely to crystalloids of clay minerals and calcite. 
Only the larger of the original olivines, now almost wholly converted 
to calcite are discernible, whilst vaguely defined patches of partly 
ca~o±~ised chlorite with interbedded leucoxene grains probably 
represent the sites of original augite grains. Chlorite-rirmned 
calcite amygdales are numerous and opaque oxide grains are leucoxene 
in most cases. The edges of original brown hornblende prisms are 
frayed and the interference colours of the mineral are mottled. 
The processes of metasomatic alteration connected with the mineralisa-
tion of this dyke appear to have affected the hornblende least of all. 
An interesting reversal of the gradient of mineralisation is 
exemplified by sample 729, taken from the restricted exposure at the 
north side of the mineral veinlets. Larger augite grains are 
relatively unaltered and very little bowlingite in the olivine 
pseudomorphs has been replaced by calcite. The plagioclase has 
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nz = 1.537-1.555 <± 0.002) corresponding to Anl6-5o· Calcite, 
n_,= 1.658 (± 0.002), is mainly interstitial. 
prisms have a fresh appearance. 
Brown hornblende 
The general features of the petrographical changes undergone by 
this dyke during mineralisation are very similar to the changes 
observed across dyke 330 (see below). It is difficult to visualise 
the phYsical-chemical conditions of metasomatic replacement which 
would result in the co-precipitation of calcite, dolomites and 
ankerites in sample 99 whilst giving rise only to calcite in samples 
situated nearer and more distant from the source mf the mineralising 
fluids. 
Since the analysed samples of the strontian Main Vein dyke, 
(330-333) were taken from north to south across the width of the dyke 
(see fig. 8.18), original differences in their mineralogical and 
chemical compositions are suspect. The sizes and proportions of the 
olivine pseudomorphs of samples 330 and 333 (see Table 8.6) suggest 
that the samples are respectively marginalt and central in the dyke. 
The increased proportion of plagioclase in SamPle 332 can be held to 
support the assumption that this sample is nearer to the centre of 
the dyke. Although cnnstancy of original composition is required 
to best display the course of the mineralisation process, many of 
the chemical and petrographical changes between samples 330 and 333 
are consonant with the general features of the mineralisation of 
othert~pes of basic dykes. 
Sample 330 is the freshest of the four samples and 333 the most 
heavily mineralised. The relative positions of samples 331 and 332 
in the mineralisation series are difficult to assess, but on the basiE 
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of the degree of albitisation of their plagioclases, the series can 
be correlated with distance from the principal source of the 
mineralising fluids, the south side of the dyke. 
TABlE 8. 5. - Estimated mineral c'omposi tion of samples of the Strontian 
Ma:in Vein dyke seams. 
Plagioclase 
Xpyroxene pseudomorphs 
xolivine pseudomorphs 
Brown hornblende 
Opaque minerals 
Total chlorite · 
Total serpentine, clay 
minerals 
Total carbonate 
Amygdales 
Bellsgrove OlaShgor.m Whitesmith 
?1 ?2 ?? 66 6? 54 56 5? 58 
-- ------
25 5 20 35 20 
20 20 25 15 25 5 10 10 15 
10 10 15 20 15 20 ' 20 20 25 
5 5 5 5 5 5 
10 10 15 10 10 20 10 10 20 
20 15 15 15 20 5 20 20 20 
10 15. 20 15 15 10 5 5 5 
20 45 50 55 50 60 35 20 30 
10 5 5 5 5 5 
Xpseudomorphing minerals included elsewhere in mode. 
0 Group quantities include samples 330-333 (see Table 8.~). 
+includes 2 per cent unaltered clinopyroxene. 
16 
10 ~i~~+ 25 
3 
10 11 
10 19 
25 14 
55 35 
-
2 
The petrography of sample 330 (see fig. 8.14) has already been 
described in detail. A considerable quantity of calcite nw = 1. 658 
(:!: o. 002), is present in the form of large crystalline patches at the 
centres of bowlingite pseudomorphs. Although the proportion of 
carbon-dioxide in sample 333 is actually smaller than in sample 330 
(see Table 8.?), the occurrence of the calcite (still the only 
carbonate present) in sample 333 as resorption crystalloids associated 
with original feldspar and pyroxene as well as bowlingite is 
charactertstic of an advanced state of mineralisation. Some of the 
bowlingite of sample 330 may have been altered to calcite at an 
intra-magmatic stage but it is probable that the bulk of the derived 
calcite originated during mineralisation of small extent at the 
north side of the dyke (see fig. 8.18). The bowlingite of sample 330 
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FIG. 8.:U,. 
Weakl)y mineralised rock - large olivine 
pseudomorphs and small augite grains occur 
among partly altered labradorite laths. 
Interstitial chlorite is common, with 
tni.nor amounts of opaque oxide grains and 
small prisms of brown hornblende 
FIG. 8.l6 
Mineralised rock - augite pseudomorphs 
now consist largely of serpentine and 
calcite and olivine pseudomorphs have 
disintegrated. Plagioclase is strongly 
albitised, epaque exides partly converted 
to leucoxene, and interstitial calcite is 
common. 
FIG. 8.1,5 
Mineralised rock - residual bowlingite : L 
in the olivine pseudomorphs of rock 
330 is here entirely replaced by 
serpentine and calcite. Augite is 
largely altered to chlorite and 
the plagioclase is mainly 
oligoclase-andesine. 
FIG. 8.17 
Strongl,y mineralised rock - _plagioclase 
laths are entirely altered to c~ 
minerals andcalcite, augite to serpen-
tine and calcite, 0 paque oxides to 
leucoxene. The original rock texture 
is barely recognisable and inter-
stitial chlorite and serpentine are 
abundant. Brown hornblende remains 
comparativeq unaltelited. Some calcite 
veining has occurred. 
FIGS . 8 . 14-17 . - Mineralisation of the Strontian Main Vein 
hornblende-bearing olivine-dolerite 
has been more sensitive to mineralisation than the plagioclase, a 
somewhat albitised labradorite (see Table 8.6) whilst the dippsidmc 
augite is virtually unaltered excepting for mild conversion of grain 
edges to chlorite and included tiny magnetite-ilmenite grains. Part 
of the large amount of interstitial chlorite in sample 330 may be 
attributed to a moderate degree of alteration and disintegration of 
the small~r bowlingi te pseudomorphs. Primary opaque mineral grains 
are unaltered and prisms of brown hornblende have automorphic outlines 
and even interference colours. 
In sample 3;3l,,taken as the first intermediate stage of mineralisa-
tion and situated 2 feet nearer to the vein than sample 330, the 
plagioclase laths are somewhat larger and vary from sodic oligoc~ase 
to labradorite in composition (see Table 8.6). Calcite is not 
however, a distinctive altera~ion product of the plagioclase but 
occurs more commonly interstitially. The augite is completely 
pseudomorphed in a minutely fibrous aggregate of ferromagnesian 
materials, probably both chlorite and serpentine, in which are embedded 
tiny leucoxene grains. The outlines of the larger olivmnes are 
readily discernible (see fig. 8.15) but pale green serpentine, 
sometimes fibre-lamellar in appearance, and sutured aggregates of 
calcite crystals have completely replaced the original bowlingite. 
Small crystals of pyrite are sometimes present in the pseudomorphs. 
Original magnetite-il0enite grains and hornblende prisms are unchanged. 
The large increase in the proportion of plagioclase in sample 332, 
1 foot nearer to the Strontian Main Vein, is accompanied by a 
. 
remarkable degree of albitisation. The freshest plagioclase is a 
sodic labradorite which ranges through all stages of composition to 
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FIGo 8.!8.- Chemical changes du~ing the 
mineralisation of hornb1ende-bearing olivine-dolerite 
albite, An1 , and subsequently into potash feldspar having n9 = 
1.520-1.525 (+ 0.002). The edges of the plagioclase laths are 
... 
swamped by the disintegrated alteration products of the original 
mafic minerals (see fig. 8.16) but in the rock powder, the plagioclase 
pieces are relatively free of clay minerals. Although the refractive 
indices of certain clay minerals fall in the samer.ange as those of 
the alkali feldspars, the feldspars of sample 331 are otherwise 
optically distinctive from clay minerals and it is therefore concluded 
that potassium feldspar has formed in the rock as a result of mineral-
isation. Although samples 331-333 all possess approximately the 
same amount of potassium, representing a considerable increase over 
the amount present in sample 330, potash feldspar was only found in 
sample 332. It is possible that the increased feldspar content of 
this sample may be a result of recrystallization of the original 
labradorite to ~ore sodic plagioclase and orthoclase during the 
mineralisation process. Very little evidence of a similar effect 
has been found in other instances of mineralised basic dykes. 
The amounts of olivine and pyroxene discernible as pseudomorphs 
in sample 332 are considerably reduced by comparison with sample 330 
(see Table 8.6). The proportion of bowlingite pseudomorphs original]$ 
present was probably small since the sample was taken from the centre 
of the dyke. Some of the chlorite of the augite pseudomorphs of 
sample 331 appears to have been replaced by calcite, nv = 1.658 
(! 0.002), in sample 332. Interstitial chlorite and serpentine are 
more abundant and leucoxene rims the larger original opaque oxide 
grains whilst wholly replacing the smaller ones. Prisms and bundles 
of narrow apatite fibres are scattered throughout the feldspar laths. 
The outlines of the hornblende prisms are less well defined than in 
srunples 330 and 331, and the interference colours are mottled, 
probably due to loss of iron. 
TABLE 8.6. - Petrograpnical changes during the mineralisation of the 
type hornblende-bearing olivine-dolerite. 
Degree of mineralisation 
Plagioclase 
to clay minerals 
to carbonate 
Clinopyroxene 
to chlorite 
to serpentine 
to carbonate 
to ores 
xolivine pseudomorphs 
in bowlingite 
ins erpentine 
in carbonate 
Brown hornblende 
Magnetite-ilmenite 
Leucoxene 
Interstitial chlorit~ serpentine 
Interstitial carbonate 
Xrrot al chlorite 
Xrotal serpentine,clay minerals 
XTotal carbonate 
weak 
330 
25.1 
1.0 
2.0 
20.4 
3.0 
1.0 
(20.2) 
6.2 
4.0 
·10.0 
3.5 
6.5 
15.0 
2 .. 3 
(18l (5 
(12 
~ on plagioclase 1.555 
·· Qieavage fle$es (+ 0.002) -1.564 
·per cent An, 52-68 
Most frequent composition (An) 60 
Av .length of plagioclase laths,mn. o. 3 
Av.dimn. (m~) of olivines, mm. 
n.,. carbonate 
2.0 
1.658 
medium 
331 
22 
2.4 
15 
5 
1.6 
(16.3) 
10.3 
6.0 
3.6 
7.3 
15.1 
11.7 
~m 
1.535 
-1.563 
15-66 
48 
0.4 
0.8 
1.658 
Xconstituent minerals included elsewhere in mode. 
medium 
332 
37 
2.4 
7 
5 
3 
1.5 
(2.4) 
1.4 
1.0 
4.0 
4.5 
4 
19.2 
10 
(26l (9 
(14 
1.529 
-1.556 
1-54 
30 
0.4 
1.0 
1.658 
strong 
333 
25 
5 
12 
2 
5 
(5) 
3 
2 
4 
1 
7 
25 
8 
~~l 
0.4 
0.4 
1.658 
modes of 331 and 332 partly estimated and mode of 533 wholly 
estimated • 
. 
The outlines of the or~ginal minerals of samPle 333 are ill-
defined (see fig. 8.17); a high degree of tellttural disintegration 
has taken place as a result of mineralisation, possibly accentuated 
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by weathering. The plagioclase laths have been converted largely 
to clay minerals together with same intermixed crystalloids of 
calcite, nw = 1.658 (! 0.002). The appearance of large amounts of 
clay minerals in thin section corresponds with that of moderate 
proportions of corundu~ and quartz in the norm (see Table 8.7). 
The total water content of sample 333 is also somewhat larger than 
· that of the other samples. The formation of large amounts of hydrated 
calcium-magnesium-aluminium silicates in samples 331 and 332, and of 
clay minerals in sample 333 may be partly correlated with the replace-
ment of the wate~ich bowlingite by calcite. " In addition, the 
circulating mineralising fluids may have introduced small amounts of 
water into the composition of certain parts of the dolerite dykes and 
removed water from other parts. The likely differences in original 
composition between the four samples very probably also affected 
the degr~rmation of tne several types of alteration pvoducts. 
The sites of a few of the original olivine pseudomorphs in sample 
333 may now be represented by large nests of fibrous serpentine often 
centrally replaced by calcite. Smaller patches of serpentine and 
calcite containimg innumerable tiny specks of leucoxene probably 
originated from grains of augite. Most of the original opaque 
oxide grains have been converted to leucoxene. In general, the 
former prisms of brown hornblende now ha~e a wispy outline and their 
interference colours are heavily mottled, possibly signifying fUrther 
loss of iron. Interstitial chlorite and serpentine are ibundant. 
One or two narrow veinlets of calcite veplacing serpentine are also 
present (see fig. 8.17). 
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TABLE. 8. 7. ·- Chemical changes during the mineralisation of hornblende-
bearing olivine-dolerite. 
Degree of mineralisation weak medium medium strong 333cf.330 
CHEMICAL .ANALYSES 
Si02 
A12o3 
Fe2o3 Feo 
MgO 
CaO 
Na 0 ~~+ 
~o­
T:!o2 
P2o5 
MnO 
co 
s 2 
330 331 332 333 
41.0 
9.5 
4.2 
6.6 
8.4 
14.0 
2.1 
1.0 
3.1 
1.1 
1.9 
0.33 
0.22 
6.6 
0.11 
41.1 
14.4 
2.2 
7.5 
6.2 
11.4 
2.4 
2.2 
3.7 
0.9 
1.4 
0.18 
0.17 
7.2 
0.20 
41.2 
14.7 
2.6 
7.5 
6.5 
9.3 
2.9 
2.2 
5.1 
0.1 
2.2 
0.38 
0.14 
4.4 
0.17 
41.4 
14.8 
1.7 
7.6 
6.9 
7.1 
1.1 
~.4 
5.2 
0.2 
2.4 
0.17 
0.08 
5.6 
0.81 
+0.4 
+5.3 
-2.5 
+1.0 
-1.5 
-6.9 
-1.0 
+~·.4 
+2.1 
-0.9 
+0.5 
-0.16 
-0.14 
-1.0 
+0.70 
Total (0 for S accounted 
Sp.Gr. 
C.I.P.W. NORMS 
qliJI..' 
or 
ab 
an 
e 
di 
by 
ol 
mt 
il 
py 
ap 
cc 
mm 
C. I. P. W. Symbol 
Normative feldspar 
Normative pyroxene 
for) 100.13 101.10 
2.85 
4.0 
5.9 
17.8 
13.5 
9.5 
21.8 
6.1 
3.6 
0.4 
0.8 
15.0 
., 2.76 
0.8 
13.0 
20.4 
9.8 
4.5 
.3 
'l! 
25 .. 0 
3.2 
2. 6 
0.7 
0.4 
16.4 
99.35 .199.26 
2.74 
13.0 
24.5 
15.8 
1.7 
8.7 
11.1 
3.4 
4.2 
0.6 
0.9 
10.0 
2.65 
4.9 
26.0 
9.3 
8.2 
25.4 
2.3 
4.6 
3.0 
0.4 
12.3 
0.4 
+0.9 
+20.1 
-8.5 
-13•5 
+8.2 
-9.5 
+3.6 
+11.1 
:3.8 
+1.0 
+2.6 
-0.4 
-2.7 
+0.4 
III.4.4.4.III.5.4.4.III.5.4.4. III.4.3.2. 
OrleAb48An36 Or3oAb47An23 Orz~b46An30 Or76Ab2~0 
wo16En66Fs18 WoQEn62Fs38 WooEn57Fs33 WooEn7oFs 30 
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The chemical characteristics of the rocks described above are 
irregular when graphed across the width of the dyke (see fig. 8.18). 
Differences in original composition between the four samples, suspected 
on petrographical grounds, are evident from the chemical analyses. 
Irregularities in the titanium, phosphorus, manganese and aluminium 
contents of the four rocks are thought to be directly attributable 
to original composition effects whilst the constancy of the silicon 
value is probably coincidental. In other chemically investigated 
examples of the mineralisation of basic dykes, changes in the above-
mentioned elements between fresh and mineralised versions of rock of 
the same petrographical type are usually negligible (see Chapters VII 
and IX). In these cases, samples were collected along the strike 
of the dykes and not across their width as in the present· instance. 
Assuming considerable differences in original composition between 
samples 330-333, it is difficult to estimate the gains and losses 
from the dolerite which took place on mineralisation. Iron and 
magnesium, large amounts of which are usually lost during mineralisa-
tion, remain relatively unchanged in the four rocks (see fig. 8.18). 
A considerable loss of calcium has taken place; usually there is an 
increase. The characteristic removal of sodium during mineralisation 
has not occurred' until late in the process 1hb:lil~t the. ~sual 
complementary gain in potassium has taken place 'par.t~y~:- at a 
comparatively early stage ·._between samples 330 and 331). In 
addition, the introduction of large amounts of sulphur by the 
mineralising fluids has been delayed until a lat$ stage (sample 333). 
The more mineralised rocks are not enriched in carbonates. Compared 
with sample 330, only sample 331 shows a chemical increase ~n carbon-
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dioxide. Petrographically however, the gradient of mineralisation 
follows the direction outlined above, from srunple 330 to sample 333 
towards the principal mineral vein. The specific gravities of tbe 
rocks illustrate a rectilinear decrease in the same direction. A 
comparison of the analyses of samples 330 and 333 show that water, 
potassium and sulphur were probably introduced by the mineralising 
fluids whereas small amount~f sodium, magnesium and ferric iron were 
removed. Anomalous trends during mineralisation in part possibly 
connected with differences in original composition between samples 
330 and 333, are increases in alumina, ferrous iron and titanium 
together with a considerable loss of calcium and smaller losses of 
carbon-dioxide, phosphorus and manganese. 
The minerals of th~s hornblende-bearing olivine-dolerite dyke 
may be arranged in the following series of decreasing susceptibilitye;::, 
to mineralisation:- bowlingite, augite, plagioclase, magnetite-
ilmenite, chlorite and brown hornblende. 
Some additional features of the processes of mineralisation of 
dolerite dykes of camptonite affinities are forthcoming from a study 
of other members of the group. Serial samples were collected along 
the s trike of the outcrop of hornblende-bearing olivine-dolerite dyke 
258. Clinopyroxene and bowlingite are altered at a distance of 20 
feet south from Corrantee Vein and a considerable amount of textural 
disin~egration has taken place in the dyke-rock (258). Ten feet 
from the vein (sample 275), the clinopyroxene is relatively fresh 
but the proportion of carbonate wresent is greater. Samples within 
5 feet of the vein (276, 277, 278, 11/12) are impregnated and veined 
by large amouhts of carbonate and there is little sign of the original 
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dolerite m~xture. Chlorite developed in rocks more distant from the 
vein has been largely replaced by serpentine and carbonate. Original 
olivine pseudomorphs appear to have become the sites of amygdales as 
a consequence of a high degree of' mineralisation. The equivalent 
dyke on the north side of the mine working (see fig. 8.7) is relatively 
fresh at a distance of 8 feet from the vein. Brown hornblende 
is virtually absent in the dyke-rock (274) at this point. Four feet 
from the vein contact, only a little pyroxene is recognisable but 
the olivine pseudomorphs are well preserved in carbonate (273). 
Samples from the actual ve~n contact (272, 271, 15) are again 
diff'icult to classify as dolerites. The rocks are merely aggregates 
of secondary products - carbonate, serpentine, chlorite, leucoxene, 
clay minerals and chalcedonic silica. 
Sample 92 is a wholly mineralised version of sample 91 in a dyke 
parallel to one of the Fee Donald veins. 
. 
Carbonate and magnetite-
ilmenite grains have developed from the bowlingite pseudomorphs of 
sample 374 from a dyke n.associated with the princ;i.pal Allt a' Choire 
Dhuibh mineral vein. As with dykes of olivine-dolerite, the dykes 
of the present group have seryed as channels for the mineralising 
fluids in districts where no mineral veins have been found. Sample 
484 from a dyke on the Loch Sunart shore near Strontian·is one such 
example. Only the "ghost" outlines of some former plagioclase laths 
can be discerned in thin section. Nearly 50 per cent of the rock 
consists of replacement carbonate; vein carbonate occurs by contrast 
in very limited quanti ties. Other hornblende-bearing olivine-dolerites 
from districts outside the mapped area demonstrate by· their degree of 
carbonate mineralisation, the widespread activity of the mineralising 
- 179 -
fluids at one time in this part of w. Scotland. Dykes occurring at 
Salen Pier (1028), Gortenfern (1055, 1058) and in the Lurga district 
(714) are heavily mineralised in parts of their outcrops, particularly 
at edges and along contacts both between dyke seams and with included 
horses of country-Dock (see fig. 8.6). The mineralised versions of 
each of these three dykes (1029; 1060; and 133, 135, 136 and 716 
respectively) exhibit petrograpAical characteristics similar to those 
described for other dykes on previous pages. It is readily apparent 
that dykes of hornblende-bearing olivine-dolerite provided highly 
favourable channels for the rise of the mineralising fluids and that 
their composition was such that considerable metasomatic interchange 
took place between the dykes and the fluids. The dykes therefore 
constitute important trace rocks in the search for mineral veins in 
this area. 
The degree of mineralisation of dykes of camptonitic dolerite is 
usually relatively small. Evidence of weak mineralisation is based 
impr~gnation ... 
on the criteria of carbonate,~;: of bowlingite pseudomorphs (658, 741), 
alteration of clinopyroxene to chlorite and iron oxides (658, 389), 
the development of clay minerals from plagioclase (590), the wispy 
outlines of hornblende prisms (207), and carbonate veining (135), in 
the same way as in other pre-mineralisation dykes of dolerite. Most 
of the above petrographical changes have occurred at much the same 
time within individual dykes. Eviaence of mineral vein-dolerite dyke 
associations in place where the conversion of dolerite to "white-
trap" has been most intense points to the epigenetic character of the 
alteration of the dolerites. It would seem that the present variation 
in the degree of alteration of the dykes was largely dependent upon 
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the relative accessibility of individual dyke fissures to the 
mineralising fluids at the time of mineralisation. 
hge-relationshiEs• - In a s~nilar section in Chapter VII, it was 
shown that dykes of hornblende-bearing olivine-dolerite are inseparable 
both in the field and petrographically from the pre-mineralisation 
olivine-dolerites of the Loch Sunart area, and that both petrographical 
types, together with dykes of pre-mineralisation normal dolerite may 
therefore be treated as a contemporaneous group of intrusions, the 
olivine-dolerite group. The latter, in the Bellsgrove-Inversanda 
dyke system, post-date probable Devonian intrusions~ felsite and 
minette. A hornblende-bearing olivine-dolerite dyke is cut by dykes 
of camptonite and monchiquite on the Gortenfern shore (see figs. 9.6 
and 9.9). The monchiquite-camptonite group therefore is unquestionab~ 
of later age than dykes of the olivine-dolerite group. A hornblende-
bearing olivine-dolerite is transcurrently faulted in the Allt Tarsuinn 
excavation (31~892) and many instances of the mineralisation of 
similar dykes have been found. 
Dykes of hornblende-bearing olivine-dolerite; together with 
other dykes .of the olivine-dolerite group appear therefore to have 
been intruded at a date between the Devonian and Late Carboniferous 
(or early Permian) periods of igneous activity. The pre-mineralisa-
tion quartz-dolerites belong to the same general period. Discussion 
of the <:.age-relationships of these groups has already been made (see 
Chapter v). No definite conclusions can be reached however, unless 
the later age of the quartz-dolerites is assumed on the basis of 
comparison with similar Permo-Carboniferous rock types in Central 
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Scotland and the tentative palaeomagnetic evidence (see Appendix C). 
The camPtonitic dolerites on the other hand, are demonstrably 
of later age than the pre-mineralisation quartz-dolerites. One 
member (741) has intruded fused gneisses at the south side of the 
southernmost quartz-dolerite dyke of the Bellsgrove-Inversanda dyke 
system in the middle course of Allt a' Bhuic (see fig. 5.8). The 
narrow intrusion of' the camptonitic dolerite appears to have been 
controlled by the presence of the wall of the quartz-dolerite dyke 
since the former is never separated from the latter by more than a 
few feet along its entire length of outcrop. In thin section, the 
dyke shows no evidence of thermal alteration and it is therefore 
assumed to be of later age than the thermal alteration of the gneisses 
which a]lnost certainly took place at the time of intrusion of the 
quartz-dolerite dyke. 
The camptonitic dolerites are not demonstrably of earlier age 
than the camptonites and a perfect petrographical gradation exists 
between the two types. However, they are also thoroughly gradational 
into the olivine-dolerites by way of the hornblende-bearing olivine-
dolerites, although rock of the latter type has never been found in a 
dyke of ca:m,ptonitic dolerite. Ramsay (1955) has nevertheless shovm 
that the latter may in fact be the case in his investigations of the 
Permo-Carboniferous basic dykes of the Monar district. It is 
therefore possible in the w. Highland area that the abundant dykes of 
the olivine-dolerite group and the campiDnitic dolerites post-date the 
quartz-dolerites and represent, together with the camponites and 
monchiquites, a genetical suite of intrusions in which the dolerites 
were followed by the later intrusion of the lamprophyres without an 
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intermittent period of intrusion of quartz-dolerite as is the case .in 
Central Scotland. 
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CHAPTER IX 
CAMPTONITE AND MONCHIQUITE DYKES OF PROBABLE PERMO-CARBONIFEROUS ME 
CLASSIFICATION 
The Loch Sunart dykes assigned to the present group are true 
lamprophyres (see Chapter III for definition) of the augite-camptonite, 
hornblende-crunptonite and augite-monchiquite classes of the proposed 
petrographical classification (see Table 3.1). 
The sum of the work o~ several authors during the past four 
decades has pointed to the inadequacy of the Rosenbusch inheritance 
concept when applied to the classification of camptonites and 
monchiquites. Rosenbusch (1922, 335) maintained that dyke-rocks 
of this type are genetically related to deeper-seat·ed bodies of 
alkaline granitic rocks; this statement is repeated in recent text 
books. 
As long ago as 1894 Brogger suggested that minor intrusions of 
camptonite and "olivine-gabbro diabase" occurring near Chr:Btiania 
were products of the s~e magma (basic in character). Brogger (1898, 
31) was also able to demonstrate the existence of l~prophyres 
intermediate in petrographical type between the calc-alkali lampro-
phyres (the lamprophyres of Chapter III) and the camptonite-monchiquite 
alkaline group, contrary te the tenet of Rosenbusch that no such 
lamprophyres exist. Beger (1913, 352-386) discovered that camptonite 
dykes occur runong the dyke-cortege of the Lausitz pluton, in Saxony, 
which is composed of sub-alkaline granites and granodiorites (see 
also Beger 1923, 468-483). In Mull, 11 there is, very occasionally a 
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definite approach to camptonite among undoubted Tertiary represent-
atives of Mull Plateau Magma -Type" (Bailey 1924, 16). Knopf(l936) 
fouhd camptonites and related lamprophyres amongst the dyke retinue 
of the granite and granodiorite-porphyry stocks of the Spanish Peaks 
region, Colaradoo 
The findmRg~sof several writers in recent years are not in 
accordance with the genesis of camptonite from syenite or alkaline 
granite. Camptonite dykes de~cribed from Arizona, near Boulder Dam 
(Campbell and Schenk 1950) occur in an area where olivine-basalt 
flows are the only other igneous rocks and the nearest body of 
alkaline rock is more than 150 miles distant. Vincent (1953) has 
demonstrated a genetic lineage from normal dolerites to camPtonites 
in the Skaergaard area of East Greenland where tbe parental magma was 
almost certainly basic. Representatives of the camptonite dykes of 
the Lake Champlain region (Kemp 1893) recently found by Jaffe (1953) 
intrude a large mass of anorthosite, and alkaline plutonic rocks are 
absent from the region. Recent workers on the camptonite-monchiquite 
swarm of the Western Highlands of Scotland (Leedal 1951; Hartley and 
Leedal 1951; Johnstone and Wright 1951 and Walker and Ross 1954) have 
noted the important similarities between the dykes and associated 
volcanic vents of the swarm with certain intrusions in Central 
scotland for which MacGregor (1948, 150) has suggested an origin from 
alkaline basaltic prllnary magma. Ramsay (1955) has produced 
petrographical evidence which supports the common magmatic genesis 
of olivine-dolerite and camptonite amongst representatives of the 
w. Highland Permo-Carboniferous dyke swarm occurring near Monar. 
Further evidence in support of the origin of carnptonite(and monchiquite) 
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from olivmne-basalt has been gained from the present study of the Loch 
Sunart dykes. 
The doubt thrown on the use of the Rosenbusch concept in 
classifying the carm:>tonites and monchiquites strengthens the case for:a 
strictly petrographical classification of thes~ lrunprophyre types. 
The concept may prove to be of value in a discussion of the genesis 
of other types of lrunprophyre (see Chapter III) 9 but it should be 
noted that Phillips (1956) has described the origfu of certam ,; 
spessartites from basic magma. 
Detailed accounts of the petrography and main varieties of the 
camptonites and monchiquites are given by Johannsen (1938, 63-65 and 
375-378) respectively). This author makes no distinction between 
carm:>tonites in which allcali-iron hornblende or titanaugite predominate. 
It is notable that Trager's (1935, 163) mode for the type camptonite 
from New Hampshire (Hawes 1879, 150) contains augite in oo nsiderable 
excess of barkevikite. damptonites are nevertheless usually defined 
on the basis of their large content of brown hornblende. However, 
many dykes of the Loch Sunart area which must clearly be assigned to 
the camptonite class on the basis of Richey's (1939, 418) very 
satisfactory definition of a camptonite, contain titanaugite in 
excess of brown hornblende; of the 36 modally analysed camptonite 
dykes, only 6 proved to be hornblende-carnptonites (see Table 9.2). 
Adopting the strictly petrogr~hical classification of the 
lamprophyres put forward in Chapter III, the camptonites may be 
divided into augite and hornblende types, even though both types 
sometimes exist within individual intrusions (c.f. Fle~~ 1900, 885, 
who for this reason deferred from such a division of the camptonites). 
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The term 11fourchite" (for ordlginal definition, see Johannsen 1938, 391) 
has been revised by Knopf (1936, 1750) to indicate a titanaugite-
dominant camptoni te. The introduction of this term into the 
classification of lamprophyres is thought here to be undesirable 
since it is contrary to the present-day policy ofpetrographers to 
introduce new terms into the descriptions of rocks. 
The classification given as Table 3.1 allows for the predominance 
of dark mica orbbro\~ hornblende as well as titanaugite in monchiquites 
but does not account for the presence of appreciable amounts of 
feldspathoidal minerals reported in some rocks called monchiquites 
(Johannsen 1938, 376-380). By adding a further column to the 
classification under the heading "feldspathoidal minerals (leucite, 
hauyne, sodalite, melilite) present 11 room for such rocks in the 
classification could be made. As was originally pointed out by 
Pirsson (1896), the feldspar-free matrix of the monchiquites consists 
in most cases of analcite rather than a glass. The predominance of 
one Qr other of the latter in the matrix of a monchiquite is essential 
to its definition. The inclusion in the lampropbyre family of rocks 
which in their matrices carry important amounts of feldspathoidal 
minerals or carbonate shoul~ therefore be made under separate columns. 
By this arrangement, the petrographical affinities which undoubtedly 
exist between the camptonite-monchiquite lamprophyres, alnoites and 
related rocks, and possibly same representatives of the carbonatite 
suite, might become more easily understood. With regard to ouachitite 
(e.g., Urry and Holmes 1941), it is suggested that biotite-monchiquite 
and derived varieties such as augite-biotite-monchiquite for the 
original ouaehitite (Kemp 1891) would adequately serve as synonyms 
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more suitable to thepetrographical methods o~ classificationaf the 
lamprophyres. 
In cases where the principal mafites of camptonites and 
monchiquites are identical, as was found in most of the Loch Sunart 
examples, distinction rests solely upon the relative amounts of 
discernible feldspar and glassy base. The glass which forms the 
matrix of monchiquites may consist of cryptocrystalline feldspar, 
making its chemical identification necessary for the strict classifica-
tion of such lamprophyres. Small amounts of free feldspar were 
found in several of the Loch Sunart monchiquites (see Table 9.10). 
Though greater than usually occurring in typical monchiquites, the 
amount of feldspar present is 11 scareeilij: enough to warrant placing the 
(roclcs) with the camptonitestt(quoted for a similar case in Bailey 
and Maufe 1916, 213). 
If the predominant role of analcite in forming the matrix of 
monchiquites is accepted, the analcite-feldspar ratio of a given 
lampropbyre may be used as the main basis of distinction between 
camptonite and monchiq_uite. The analcite of m:cmchiquites and 
camptonites occurs as vesicle infillings, in ocelli and as ratches 
in the general body of the rock. Amygdaloidal analcite is not 
usually common whilst camptonites do not in general contain truely 
matrical analcite. Ocellar analcite sometimes forms appreciable 
proportions of camptonites (see Table 9.2) and in a few cases 
exceeds the amount of feldspar present, although the latter remmns 
an important rock-forming mineral. There is therefore same doubt 
as to the stress which should be laid upon the presence of large 
proportions of analcite of ocellar habit in the distinction between 
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crunptonite and monchiquite. Probably the most satisfactory answer 
is to rely upon the relative proportions of glass and feldspar 
rather than of analcite and feldspar. In this way, the possibility 
of some mineral or mineral aggregate other than analcite forming tre 
principal matrical element of monchiquites is not eJg;ii:luded. 
CAMP!'ONITE DYKES 
Occurrence. - Thtrty-two dykes of the Loch Sunart dyke sample were 
identified as camPtonites in thin section and a number of other 
camptonites were sliced from occurrences west and south of the mapped 
area. The dykes show no marked concentration within the area which 
forms only a small part of the outcrop area of .the w. Highland 
camptonite-monchiquite dyke swarm (Richey 1939, fig.5;Leedal 1951, 
fig.l). There is little doubt that the crunptonite and monchiquite 
intrusions of Orkney (Flett 1900) and Central Scotland (MacGregor and 
MacGregor 1948) are further petrological representatives of this 
swarm for which a Permian age is usually accepted (MacGregor 1948), 
although in the view of Anderson (1951, 186), thew. Highland dykes 
originated under a different set of structural conditions. The close 
association of numerous dolerite dykes with the camptonites and 
monchiquites has however~ been demonstrated only in recent years 
(Ramsay 1955). The present investigation of the mineralised Permo-
carboniferous basic dykes of the Loch Sunart area has sho\V-n that 
olivine-dolerites and dolerites of camptonitic affinities are actually 
more numerous than camptonites and monchiquites and that close 
genetical affinities exist between these several petrographical groups. 
The ocellar habit characteristic of camptonites has long been 
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used as a method o~ distinguishing such rocks in the ~ield (Clough 
1897). In the Loch Sunart area the presence o~ dykes intermediate 
in type between camptonite and dolerite allows only cautious applica-
tion o~ this criterion. All dykes suspected to be camptonites (or 
monchig_uites) have been sliced and their classi~ication based on 
teoctu:r:>al characteristics and mineral proportions rather than upon 
the presence or absence o~ ocelli. Those dykes which p:r:>oved to be 
camptonites are usually na:r:>row, W.N.w. trending seams (see Table 9.1) 
o~ dark, ~ine to small-g:r:>ained rock in which vaguely de~ihed 
leucocratic aggregates signif'ying the presence o~ ocelli are 
megascopically distinct. The length o~ exposure o~ single seams 
is never great (see Table 9. f). Sometimes the dykes have been 
intruded along the sides o~ earlier dolerite dykes. The dykes are 
demonstrably o~ later age than pre-mineraiEation g_uartz-dolerites 
and olivine-dolerites. In places they have been displaced along 
o:r:> ac:r:>oss their strike by minor dislocations, favourable sites ~or 
s~bsequent mineralisation. The intrusion of camptonite and 
monchig_uite dykes there~ore represents a distinctive phase in the 
geological history of the Loch Sunart area. 
A detailed study has been made of a camptonite dyke (14) 
outcropping on both sides of the mining excavation along the southern 
branch of Corrantee Vein (see ~ig. 9.1) in the upper course o~ Allt 
Tarsuinn ( 313892). Together with a number o~ other basic dykes 
exposed in the working, the cam;ptonite has been dextrally ~aulted 
(see ~ig. 8.7). The vein is sited along the ~ault and has brought 
about heavy alt~ration o~ the camptonite at its contact, the grade 
o~ mineralisation decreasing away ~rom the vein. Only a slcin o~ 
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F I G. 9 . 1 .- Camptonite dyke (top) cut by mineral 
ve i n (bottom left) in the Allt Tarsuinn 
excavation at Corrantee ~ine ( 313892) . 
FIG . 9 . 2 .- Carbonate ribs in camptonite dyke 
exposed on Beinn Chlaonleud (262775) , probably 
marking the E . S.E . continuation of Lurga Vein . 
---~- _-, .......... , ... - .. •: 
mineralSed materiai-~emains on the north side or the vein but an 
attenuated camptonite dyke outcrops in a tributary stream to Allt 
Caire an t-Suidhe, same 200 yards W.N.W. of the excavation. The 
sectioned and analysed (17, 282 and 14) samples of the dyke are 
located on fig. 9.14. A camPtonite dyke ·(226) of rather different 
trend (see Table 9.1) coincides with the w.N.W. continuation of 
camptonite 14 on the west side of Caire an t-Suidhe (302899). The 
dyke ends eastwards at a crush belt in the gneisses, possibly a 
continuation of the Caire an t-Suidhe fault (see Plate 1). One or a 
group of parallel dyke seams exposed in the middle course of Allt 
Caire an t-Suidhe (303906) proved to be a fresh camptonite (222). 
Some of the other seams are probably olivine-dolerites, but unlike 
the camptonite, they are heavily mineralised. Isolated dolerite 
exposures in direct westward continuation of this outcrop suggest 
that the camptonite might similarly extend to the west. 
Two seams or camptonite (302 A-B and 303) follow or were intruded 
simultaneously with the Allt nan Cailleach camptonitic dolerite at 
exposures in the middle course of the stream (314873). Near Anaheilt 
Manse, a camptonite (204) running parallel with the continuations of 
the carqptonitic dolerites is strongly sheared, probably as a result 
or movements post-dating intrusion of all the dykes. Although the 
presence of camptonite in the Allt nan Cailleach dyke was not proved 
between the two exposures, X in Table 9.1. represents a 1-foot joining 
seam. A narrow camptonite dyke (347) appears to be sanewhat 
displaced across a right bank tributary to Allt nan Cailleach (316869) 
which follows the probably faulted N.w. boundary between tonalite and 
.~ granodiorite of the Strontian Granite (see Plate 1). Some slight 
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re-opening of the pre-existing fault line in Permian times is therefore 
suggested. Seams of camptonite (218) and quartz-dolerite, the latter 
petrographically of post-mineralisation type, occupy the same fissure 
now well exposed by a tributary to Allt a' Mhuillin (305864). 
Tonalite horses separate the dykes, the relative ages of which are 
difficult to assess. It is tentatively assumed that the probable 
Tertiary ~uartz-dolerite was intruded at the side of the probable 
Permian camptonite. In the tributary to Allt a' Mhuillin immediately 
south, an unusually weathered camptonite (1102) is exposed (300860). 
A freshe~ example (1100) outcrops on the hillside above Anaheilt 
(320860). The hanging wall of a camptonite (1096) exposed near 
Drumnatorran, in Allt mo Nionag (329859), is sheared ala occu~d by 
a camptonitic dolerite, but again, the order of intrusion is difficult 
to assess. 
In the middle course of the Garabh Allt (348887), a dyke of 
CamPtonite (107A-B-O) cleanly cut by the Bellsgrove-An Torra Ban 
post-mineralisation olivine-dolerite has been tunnelled by the old 
miners. Carbonate veinlets reticulate through foot wall rock. Two 
camptonttes (477 and 480) are members of a parallel group of dyke 
seams, some dolerites, exposed in a stream near Achnalea (359847). 
A parallel group of about 5 camptonites (663, 668, 670, 677 and 681) 
are sinistrally displaced across a weakly mineralised shear plane in 
tonalite in the lower course of Allt Feith 'n Amean (364845). 
Intensive sampling of the occurrence (see fig. 9.3) has revealed a 
certain degree of thermal alteration of the tonalite at the sides of 
the campto~ites (see Appendix A). In the middle course of Allt a' 
Chait, some 10 feet of sinistral displacement has taken place in a 
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FIG. 9.3.- Camptonite dykes in the lower course or Allt Feith 'n Amean 
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TABLE 9.1. - Field data for Permo-Carboniferous camptonite d;ylces 
eX£OSed near Strontian. 
Width(ft.) Length(ft.)Area(sq.ft.) Trend{deg.} Elevation{ft.} 
Av. Range • Exp. · Unexp. E192,. Unexp. b:Y.:_ Range. Min. Max. 
(a) Individual ~kes. 
+14 5 2~-7 50 700 250 3500 N60W 1,150 
107 6 20 30 120 180 N80W 400 
+119 4 
-
200 1800 800 7200 N80W 1,250 1,600 
204 1 1 11 100 100 N50W 100 2- 2 
218 6 ? 100 ?2400 600 14400 N70W 550 1,050 
222 3 20 100 60 300 S86W 300 
226 2-i 100 200 250 500 S70W 1,000 
302 l 100 100 N50W 720 
3Q3 1~ 100 150 N50W 720 
:c: X 1 6000 6000 NW N40W-N50W 150 730 
347 2~ 10 40 25 100 N55W N50W-N60W 530 
477 6 (2 seams) 20 300 120 1800 N20W 550 
480 5 20 300 100 1500 N20W 570 
569 4 3-5 60 100 240 400 N70W 1,150 
593 10 50 100 500 1000 S60W 550 
595 3~ 300 1000 ~ .. 1150 3500 N60W N50~W 350-500 
663 2 100 100 200 200 N85W 300 
668 1 20 20 N70W 300 
670 5 100 100 500 500 N85W 300 
+677 7 100 100 700 700 N85W 300 
+681 7 20 50 140 350 N85W 300 
1067 4 50 100 200 400 N60W 30 
+1078 5 20 30 100 150 N80W 10 
1079 3 50 400 150 12.00 N20W 10 
1082 4 50 ?2000 200 ?8000 N80W 20 
1087 6 50 100 300 600 S80W 20 
1093 2-!- 20 1500 50 3750 N80W 950 
1094 4 100 1000 400 4000 N50W 400 
1096 9 200 100 lfBOO 900 N70W 70 
1100 3 100 200 300 600 N60W 320 
1102 5 100 400 500 2000 N70W 550 {!97 5 50 ? 250 ? S80W 20 20 18 50 200 900 3600 N70W 620 
. 90 4 120 100 480 400 S80W 400 
(b) Averages and totals. 
35 4 ~-18 2550 19750 11750 6.7730 N69W N20W-S60N 10 1,600 
dykes (total width 
about 156 ft.). 
(total probable 
area, 80,000 sq.ft.) 
x not certainly camptonites + hornblende-camptonites. 
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FIGS.9.4-6.- ~inor intrusions from localities outside 
the main area of investigations 
P.elationshi:ps bet':men mino:e intrusions E.tt Oam8sinas 9 
3 miles S. 40° '•J. of Sal en 
A ~eakly mineralised canwtonite dyke intrudes a 
quartz-dolerite boss and is cut by a north-south 
normal dolerite dyke. 
FIG. 9.5o 
Minor intrusions at Salen Pier, Salen 
A :partly rrdneral ised dyke of hoPnblende-oli vine-
dolerj_te trc:ms[!;resses a foliated lampPophyre 
sheet and is cut by B north-south quartz-dolerite. 
F'IG. 9o6o 
i.'iinor intrusions on the shore at Camas an Lighe 9 
GoPtenforn, 6 miles N. 60° ~,,, o of Salen 
A quartz-dole:ri te boss is irttruded 1)~7 parallel 
dykes of camp toni te and monchiqui te \!hich elsm7here 
are later than a mineralised hornblende-olivine-
dolerite dyke. Dykes of dolerite are notably absent 
from the boss 'Nhilst quite cornmon around 1 to 
N 
' 
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camptonite dyke (569) exposed across the crush belt followed by the 
stream (386843). The torn ends of the dyke are mineralised (for 
location of additional samples, see fig. 8.8). 
(593) is exposed dovn1stream (386840). 
Another camptonite 
In the hillside above Inversanda, a crunptonite dyke (1093) has 
been intruded into crushed gneisses in the upper course of Eas a' 
Bhinnein (447837) on the southeastern strike continuation of the 
dykes of the Bellsgrove-Inversanda dyke systemo Another camptonite 
dyke (1094) exposed across the middle course of t"ti.e same stream 
(449833) is marked on Scottish Geological Sheet 53 as an actual 
continuation of the Garbh Bheinn dolerites. 
Several camptonite dykes were found in the road and coastal 
sections along the south shore of Loch Sunarto A camptonite (1087) 
exposed near Achleek (301834) consists of two contiguous seams sheared 
and injected by thick carbonate ri1lra to form a carbonate vein more 
than one foot in width at their contact. Stringers of carbonate 
follow one chilled edge (1086) and crushed, calcitised granodiorite 
is present at the other. Movements at the sides and within the dyke 
thus preceded mineralisation. There is however, little or no 
metasomatic alteration of the camptonite away from the sheared zone 
and the chilled edges. The strong foliation of the Moine rocks on 
the west side of the strontian Granite at Rudh' an t-Sabhail (282833) 
is cut by a camptonite dyke (1078). On the west side of the 
promontory, northerly (1079) and westerly (1082) dykes of camptonite 
occur together with a westyrly dyke of camptonitic dolerite. Of tbe 
many dykes exposed in the shore and road sections between Strontian 
and Salen, only a few examples were sectioned. A camptonite (1067) 
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~IG . 9.7.- Camptonite dyke cutti ng and chilled agai ns t 
quartz- dolerite ( left and right of map- case and hammer) 
of Gortenfern boss , 6 miles N. 6o w. of Salen . 
FIG . 9 . ffi.- Monchiquite dyke ( between hammers) with 
firm contacts against Gortenfern quartz-dolerite boss . 
exposed in the roadside near Camasachoirce (275841) has a strongly 
developed ocellar centre. 
outside the main mapped area, a broad camptonite (2853C, 1023) 
occurs near the centre o~ the Rudha Aird Beithe multiple olivine-
dolerite dyke o~ probable tertiary age (see fig. 12.9) exposed on 
the north shore of Loch Sunart (214872) east of Salen. Two se~1s 
of highly ocellar rock occur within the camptonite. Although the 
exact contact relationships between car@tonite and olivine-dolerite 
have not been elucidated (see fig. 12.11), the Tertiary dyke probably 
~allowed the line of the e~ier Cillaptonite. A camptonite dyke 
(1076) is cut by a quartz-dolerite dyke o~ post-mineralisation type 
on the coast near Tarbert (195870), about~ mile s.w. o~ Salen. 
A Tertiary normal dolerite is de~initely chilled (see ~ig. 9.10) 
against a camptonite dyke (1073, 1075) within a quartz-dolerite boss 
(see ~ig. 9.4) exposed near Camasinas (165844). Sheared gneiss 
along the centre o~ the camptonite has been weakly mineralised. 
The quartz-dolerite boss occurring near Gorten~ern (see fig. 9.7) is 
also cut by a camptonite (1050, 1051) whilst nearby, a camptonite 
dyke (1054) occurs alongside and within a dyke o~ hormblende-bearing 
olivine-dolerite (see ~ig. 9.6). A ~urther camptonite (1061, 1062) 
was sampled ~rom the same district. A sample was taken o~ a 
camptonite (152) exposed south o~ Loch Sunart in a le~t bank 
tributary to Allt Beitheach, about ~mile south of Beach (273763). 
Four dykes, three o~ which occur within the mapped area (497,821, 
1090 at the bottom o~ Table 9.1) have been tentatively classi~ied as 
camptonites. Dyke 497 outcrops in appinite at the west side of the 
Strontian Granite on the south shore o~ Loch Sunart (284833). It may 
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FIG. 9.9.- A narrow seam o~mo· _c .. i~" .::::. ·."" (either side 
of hammer) dying out in a hornblende-olivine-dolerite 
d~Tke, on the shore at Gorten:fern, 6 miles N. 60° T . of' Sal en. 
- ~-· 
FI G. 9.10.- A wall of chilled and jointed mertiary 
norma l dolerite (centre cuttin · camptonite (le.at) 
in tne Camas ina s quartz- dolerite b os s 165 44). 
represent the eastern cnnuinuation of either a camptonite (1082, see 
above) or a canwtonit~dolerite exposed on the west side of Rudh' 
an t-Sabhail. Appinite and chilled dyke-rock on the north wall of 
the dyke ire sheared and weakly mineralised and the centre of the 
dyke is highly amygdaloidal. vesicle infillings include chalcedonic 
silica as well as carbonate. No other basic dykes were found within 
the appinites of the Strontian Granite. Dyke 820 occurring in the 
middle course of Allt an Fhasaidh (340858) is the broadest pre-
mineralisation basic dyke found within the Loch Sunart area (with the 
exception of the quartz-dolerites). An olivine-dolerite occurs at 
its south side but the age-relationships of the two dykes are difficult 
to assess because of post-dyke shearing and weak mineralisation at 
their contact. A series of samples were collected from the centre 
of the supposed camptonite towards the mineralised margin (457, 819, 
820 and 821 respectively). Dyke 1090 occurs as an isolated exposure 
on the east side of Coire an Iubhair (437843). 
Samples (706, 147, 144, 142 and 140) of the dyke followed by 
the mineral vein worked in Lurga Mine (241787), although mineralised 
and weathered, have certain unusual pat.:rographical characteristics in 
thin section which make classification of the dyke difficult. 
Samples of weakly mineralised true camptonite (694, 695) collected 
from the probable southeastern continuat~on of this dyke over Beinn 
Chlaonleud (see fig. 9.2) signify a possible important extension of 
Lurga Vein. 
Petrography. - The camptonite dykes of the Loch Sunart area are 
usually narrow, black, fine to small-grained and micro-porphyritic 
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with well developed chilled edges and sometimes markedly ocellar centns 
They have been resistant to weathering and are mineralised only in 
cases where internal or marginal shear planes are developed. A 
modular mode of' weathering is characteristic of' highly ocellar parts. 
t Modal analyses of' 36 camptonite dykes are given in Table 9.2. 
For: some of the dykes, modes have been made of both marginal and 
central specimens or of' samples collected along the strike of' iridividual 
dykes. 
variation in the mineral composition of individual camptonite 
dykes is very great and constitutes the main differences between them. 
i· The;nomenclature of' the dykes according to the methods of classifica-
tion of' lamprophyres outlined in Chapter III nevertheless involves 
only six names. Of' the 36 dykes,6 are hornblende-camptonites, the 
remainder, augite-camptonites. The volume of' olivine (or its 
pseudomorphs) exceeds that of clinopyroxene in only one·example (663) 
buttthe volume of hornblende is subsidiary in ten cases. The amount 
of' hornbiende in certain parts of some of the dykes (e.g.,sample 562 
from the centre of dyke 569) is less than that of same camptoni tic 
dolerites (see Table 8.3) but in addition to textural characteristics, 
j 
the classification of these dykes as camptonites is aided by a 
knowledge of the petrographical characteristics of the central parts 
of' the dykes concerned. On the basis of' their low hornblende 
content~, same augite-camptonites (e.g., 480) could be thought of as 
doleritm camptonites (c.f. Ramsay 1955). Two of the dykes (1070 and· 
1078) contain more than 50 per cent of' plagioclase but this is largely 
due to the almost complete disappearance of' olivine. In general, 
plagioclase is the second most important mineral of camptonites. 
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• T~LE . 9. 2. - Mineral composition of Permo-Carboniferous 6am 
dykes. 
I 
t 
14 107 ~e No . 
0~ample No. / DYke ----- lll9° 152° 204 
, Average. 
+~osition of samp~ 
P~agioclase 
C inopyroxene 
H rnblende 
x~livine pseudOmorphs 
~aque minerals alcite patches atite,fibrous zeolite 
m
'otite 
C rbonate 
C lorite 
gdales 
P r cent mafics 
P , agioclase composition, 
Av . 0 A 
c 
B 
c 
17. 7 
22 .1 
26 . 5 
13. 3 
6. 0 
4.3 
3.0 
3. 9 
3. 2 
19.3 15.0 
30.4 3 .9 
18. 5 13. 6 
11. 4 6.7 
10.0 13.8 
3. 1 12. 2 
0.9 
2. 4 
1.0 
5. 9 
1.9 
C Av. 
c c c 
10.0 14.8 
~ 'l. 3 • 0 
13.6 15.2 
6.1 8.0 
10.7 11. 5 
14. 6 10. 0 
0 . 3 
5. 7 4 . 6 
1.9 1. 6 
17.9 17.1 
16.8 25 . 3 
29 .1 26 . 3 
6. 4 15. 1 
12.8 5. 6 
7.0 
3.0 2.0 
3 . 3 
3.7 
4 . 6 
4 . 0 
67 . 9 72 . 3 70.0 73.1 71.7 65 .1 72 . 3 
per cent An. 54 n . d. n . d . n . d . n . d . 42 n . d. 
Av . length of 
plagioclase laths,mm. 
AV . diam. (max. ) 
o,tivines, 
• 
t 
i 
i' 
l 
rmn • 
of 
0.4 0.1 0.1 0.1 0.1 
0 . 5 0.3 0.2 0.4 0.3 
Nomenclature of t he dykes listed in Table .9. 2: 
'· 
0.1 0.2 
0.3 0.7 
c 
(.) olivine-hornblende-augite-camptonite: 107, 218 , 222 , 226, 
t 347, 477, 593, 595, 1023 , 1051, 1062, 1067 , 1076, 1079, 10 
! (and also 11group average") . 
(~i) hornblende-olivine-augite-camptonite: 303, 480, 669, 1054, ~~~~ 
I 1087, 1093, 1100 9 Dyke 663 has olivine in excess of augit 
(~ii) biotite-bearing hornblende-olivine-augite camptonite: 668 
(:iv ) olivine- bearing hornblende-augite-camptonite: 204 , 1070. 
(~) olivine-augite-hornblende-camptonite: 14, 119, 152, 
4 
(Yi) biotite-bearing olivine-augite-hornblende-camptonite: 681 . 
- 198 -
9.2. (continued) 
: 1. . •• 
' • t 
•'), 
• ~ f\ .. • (9, 
. >I .... 1075-
-Group 
1073 Av. 1076 1078°1079 1082 1087 1093 1094 1100 Av. Rangf 
• 
c c c c c c c c 
24. 4 33.8 53 . 8 28.1 34.3 23 . 8 10.0 11.4 19.6 22 . 9 8-56 
31.0 23.2 12.7 36.6 18.7 43.1 35.1 31.6 42.6 28. 5 0-43 
10.1 17.4 13.9 10.4 16.6 5 . 5 16.4 20.1 7.0 16.6 5- 35 
13.8 14.6 3.'5 5.3 6 . 2 11.9 20 . 2x19 .9 19.0 11.1 1-30 
7.0 7.4 8.7 7.3 11.6 10.1 5 . 5 5 . 9 6 .1 8.6 5-17 
2.1 
-
2 .0 1.8 2 . 4 2 . 9 0-17 
2 . 5 
-
0.7 0-3 
0.1 0-3 
1.0 2.9 6.2 
-
3 . 5 3.0 
-
1.7 0-6 
9.1 2 . 6 4 .5 6.1 8 . 9 4.0 7.3 6.3 3 . 3 5 . 6 0-17 
3 .7 1.6 
-
1.3 0-10 
61 . 9 62.6 38.1 59 .6 53.1 70.6 78.2 77.5 74.7 64.9 ffi-83 
n.d. n . d . n . d . n.d. 56 n.d. n.d. n . d . 55 42-60 
0.4 0.5 0.3 0.3 0.2 0.2 0.3 0.2 0. 2 0.1 0.3CU-O. 
0.8 0.6 1~0 0.2 1.0 0.5 0.8 1.0 0.8 0.3 0.60.2-1. 
-~~-·~ulende-camptonite; other samples augite-camptonite. 
cemtra1 and m = marginal in dyke. 
vine m~1y unaltered. 
quantities based on 52 modes (for 36 ~cas.) 
- 199 -
- 677 - - 681 
593 595 663 668 670 677 676° AvC: 681° 683 
c c c c c c m c m 
~.B , '34 . 8 20 .1 12 . 5 21. 9 32. 3 32.7 16 . 4 30 . 2 23. 3 31 . 8 27. 9 l E 
7. 8 '27. 2 25 .7 43. 2 19 . 5 23 . 2 28 . 7 32. 8 10.4 21 .~ 24 . 6 19.2 ~1 . ~ 
) . 7 ; 8 . 5 22.1 20 . 6 12.7 10. 8 . 6 18.8 46 . 6 32.7 28 . 3 24.7 Q• f 
l . Q 11.4 6 . 3 10. 9 30. 3 13.7 16.9 9 . 8 0.$ 6.8 2 . 9 14.2 
€ 
~ . e : 8.3 8.1 5.0 8 .1 8.5 6 .7 9 . 0 7 . 2 8 . ':1.. 8 . 0 7.8 
) . 8 · 0.6 2 . 8 0.4 
-
1.8 0 .§. c 3 o. B 9.2 
1 .1 
2.0 1 . 6 1 . 3 
1 .7 5.4 
-
0 .7 
7 . 5 8.4 7.4 3.0 3.0 3 . 0 11.6 1 . 8 6.7 . 2 . 2 
4 . 5 7 . 3 
-
1.0 
-
0 . 5 
62 . 2 79.7 70 . 6 57 . 4 62 . 5 70 . 4 66 . 9 68.7 65 .1 
56 60 n.d. n . d . 58 n . d . 56 56 50 
0.4 0.8 0 . 3 0 . 2 0.3 0.4 0.1 0.3 0 . 2 
0.2 1.0 0 . 6 1.0 0 . 8 1.0 0.9 0 . 4 
-1023 - -1051 - - 1062 -
0~~ 28530 Av. 1051 1050 Av. 1054 1062 1061 Av . 1067 
~ -
c c m c c m c 
13.3 11.4 12.4 19 . 2 15.8 99. 6 20 .3 21 . 6 21 .0 18 .2 55 . ~ 
37. 5 36 .1 29 . 8 39 . 2 33. 5 42.0 31. 6 36 . 6 34.1 33.1 
19.0 16.3 17.3 14.6 16.0 8 . 5 16.9 22 .1 19.5 2~ 7 
2 . 3 ..-4.2 ~ 2.5 6.2 4.4 15.9 5.1 4 . 6 4.9 9.3 
6 . 7 6.0 14. 3 8 . 4 11.4 14.1 9 . 6 5 . 9 7 .7 6. 7 
14.1 17.0 1.2 1 . 1 1.1 - 4 . 2 1 .0 2. 6 
2.1 2.1 -
1.9 6.0 3.0 4 . 5 3.2 
-5.0 5 . 0 12.0 8.3 10. 1 6 .7 12.3 8.2 10.2 
4 . 5 
-
2 . 2 
-
65 . 5 62 . 6 63.9 68 . 4 65 . 3 80 . 5 63.2 69 . 2 6~. 2 
54 54 52 52 52 n . d . 56 n . d . 56 
0 . 4 0.4 0.8 0.6 0.7 6. 1 0.6 0.8 0.7 
1 . 0 1.0 0.4 0.3 0 . 4 0.4 0.6 0.3 0.5 
---226--- ----- 302-----
222 226 6-7 303 347 477 480 
Av. A B Av . 
~ c c m c c c c c c c 
36.0 28.1 14.~ 21 . 3 18.4 1 .o 17.7 16.6 19.9 11.0 
17.7 24.0 23.1 23. 5 31.0 38. 2 34.6 32.5 35 .9 23.9 
· l 16.0 23 . 4 17.5 20 . 5 17.1 9 . 2 13.2 14.2 18.2 20 . 3 
1 •9 . 5 13. 9 17.1 15 . 5 5 . 6 10. 3 7.9 16.0 7.9 11.8 
't 6 .9 5 . 8 5 . 4 5 . 6 7 . 2 10.6 8 .9 7.8 8 . 2 11.2 
3.1 
-
2.8 2 . 7 2 . 8 6 . 0 4 . 3 12 . 5 
-
2.0 1.0 1.5 Q.6 1.0 
-
3 . 3 
-
2.0 3.0 2 . 5 1.3 2 .0 2 . 2 3 . 6 
'7.5 3 . 8 7.9 5 . 8 13.9 8 .0 10.9 5 .0 1.6 7.1 5 .0 
1.0 14.6 7.8 
-
1.0 
-
67 .1 63.1 65 .1 60. 9 68. 3 64.6 70.5 70.2 67. 2 
52 48 50 n.d. n . d . n . d . 466 43 n.d. 58 
0.3 0. 4 0.2 0.3 0.6 0.4 o •. o 0.4 0.2 0.1 0.1. 
0.5 0.4 0.6 0.5 0.4 1.0 0.7 0.5 0.5 0.6 1.5 
Those camptonites conta'ining less than about 15 per cent of' plagioclase 
• • ~ 
also possess appreciable amounts of' ocellar analcite (107, 218, 303, 
1093, 1094) which in two instances (477 and 1023) exceeds the vol~e 
of plagioclase present. If' the analcite-plagioclase ratio were to 
be used asEktrict basis for the distinction between monchiquite anp. 
l 
camptonite, dykes 477 and 1023 would be monchiquites. The analcite 
however, occurs mainlY in ocelli and does not form a true base to 
the mafic minerals. Opaque minerals are cormnon in most camptonites. 
t 
APatite and fibrous zeolites are not always modaly estimable but are 
seldom absent from the dykes. Traces of' biotite occur. in a few J 
examples. The amount of' interstitial chlorite present is usual~ 
much lower than in Permo-Carboniferous dolerites. Carbonate. is 
often associated with analcite in the ocelli and in addition, 
sometimes occurs together with chlorite in amygdales in some of' the 
dykes. 
Random samples of' dyke 107 (A-B~C in Table 9.2) show moderate 
differences in mineral proportions, particularly plagioclase. rtf 
general, the marginal facies of camptonites contain by comparison 
with dyke centres more and larger olivine pseudomorphs, smaller 
' 
amounts of' plagioclase laths of' reduced average length, less hornblende 
and fewer ocellar areas (c.f. respective central and marginal samples 
226 and 6/7 in dyke 226; A and B in dyke 302; 569 and 562 in dyke 
569 and 681 and 683 in dyke 681). Usually,the broader dykes have 
a less well developed chilled margin, probably due to the greater. 
heat-capacity of the relatively large volume of' intruded magma. 
The margin (676) of dyke 677, is strongly differentiated to a fresh 
olivine-bearing augite-hornblende -camptonite with respect to central 
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rock (677) which consists of olivine-hornblende-augite carnptonite. 
The very high proportion of hornblende in this dyke margin may be due 
to prolonged crystallization as evidenced by the fusion of nearby 
tonalite (see Appendix A). Analcite is usually more common in central 
samples ~eeerdj:kes 677, 1051 and 1~62). Mineralogical variation 
across;,· other dykes is by comparison very limited (e.g., 1062). The 
degree of differentiation exhibited by the Monar Permo-Carboniferous 
camptoni tic dykes (Ramsay 1955, 303-306) is never~-reached in the LOch 
Sunart camptonites. 
Compositional variation between centrally situated samples of 
camptonite dyke 14 is not great .. (see Table 9.8 and fig. 9.14). 
Brown hornblende is exceededby titanaugite in only one of the 
samples (263) ana is commonest in chilled rock (16). Although both 
augite -camptonite and hornblende-camptonite types are present within 
the same dyke (c.f. dyke. 677 above), the average mineral composition 
of the dyke is hornblende-camptonite (14 in Table 9. 2). The detailed 
petrographical and chemical characteristics of sample 14 of this dyke 
are given below as a standard example of the Loch Sunart camptonites. 
The thin section characteristics of the minerals of the Loch Sunart 
camptonites are very similar and the principal minerals of sruaple 14 
appear in most of the other dykes. The main petrogr~hical 
differences between the dykes are in the relative proportions of the 
several minerals present. 
In thin section, sample 14 is an ocellar camptonite oonsisting 
of brown hornbmende prisms, titanaugite grains and a number of 
bowlingite pseudomorphs after olivine together with a small amount of 
plagioclase. The ocellar areas (see fig. :..9.11) are usually 2-3 rmn. 
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in diameter and are characterised by assemblages of large plagioclase 
laths set in a chloritised isotropic base which in places consists of 
analcite sometimes partly replaced by carbonate. Apatite and fibrous 
zeolites sometimes penetrate plagioclase laths, and analcite patches 
(e.g., 562). The mineral assemblage of the ocelli is transitional to 
normal camptoni te through a periphex•al zone rich in automorphic prisms 
of hornblende. 
Whatever the origin of the ocelli (Flett 1900, 883; Knopf 1936, 
1740), it is clear that the minerals they contain crystallized at a 
late stage in the cooling history of the camptonite dyke~forming magma 
and·· are mainly primary in character. The ocelli therefore afford 
good evidence of the order of crystallization of the minerals of 
camptonites. In sample 14, the average size of the olivine 
pseudomorphs is less than the average length of the plagioclase laths 
(see Table 9.8) but the crystallizing environments of the two minerals 
are very different. The plagioclase laths appear to have grown 
rapidly at a relatively late stage in ocellar clearings amongst the 
previously formed mafic minerals. Small amounts of interstitial 
plagioclase occur in the non-ocellar parts of certain camptonites 
(695, 1050, 1062, 1086) where it is sometimes replaced by fibrous 
analcite. Ocellar plagioclase laths-in sample 1023 are penetrated 
by iron oxide dendrites. In most of the camptonites, both olivine 
and some clinopyroxene are porp1zyri t:Lc (although not noticeably so 
in camptonite 14) whilst in chilled edges, olivine has usually been 
the first mineral to form. Hornblende mantles the smaller cline-
pyroxene grains of nearly all the cmnptonites and hornblende is often 
concentrated at the margins of the ocelli to the exclusion of olivine 
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pseudomorphs, clinopyroxene and iron oxide grains. 
On the basis of the above evidence, the order of crystallization 
in the Loch Sunart camptonites may be outlined as follows: olivine, 
clinopyroNene, hornblende, opaque minerals, plagioclase, dendritic 
ii'1Jm,oxides, analcite, chlorite, apatite (and fibrous zeolites), 
carbonate. 
The clinopyroxene of the dykes occurs as hypautomorphic grains 
which are often partly or completely mantled by automorphic brown 
hornblende. The edges of the clinopyroxene grains against the 
hornblende are irregular. The degree of replacement of clinopyroxene 
by hornblende within individual dykes appears to depend largely upon 
the mineral proportions present. It is highest in the camptonites 
containing approximately equal proportions of c·linopyroxene and horn-
blende and at a mininnnn in dykes rich in hornblende andtplag±ociase. 
Re~iliacement of clinopyroxene phenocrysts by hornblende is rarely seen. 
The formation of hornblende in the parent magma of camptonite dykes 
appears to have begun before complete crystallization of the smaller 
clinopyroxene crystals. Distinctive zoning and hour-glass structure 
are developed mainly in the 1anger grains and (e.g., 593) phenocrysts 
of clinopyroxene. In sample 14, the clinopyroxene shows very little 
zoning and has the following optics: 
Colour: pale purplish-brown, weakly pleochroic; ¥A c = 44° 
(aver~¥e of 8 readings); nt£ = 1.689, n/A = 1.694, n5 = 1.724 
' 0 (all ± o. 002); nr - n.c- :::; o. 035; 2V( +) = 49 (average of 
,I 
measurements on 4 grains); . composition Oa40 5Mg40Fe (Hess 
' i • 19.5 
1949, Plate I), Ca41.5Mg39Fe19.5 (Muir 1951, fig.4), corresponding 
to common augite of diopsidic type (Hess 1941, fig.I); sp.gr.3.30. 
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Concentrates of virtually pure augite and hornblende were obtained 
from s~ple 14 by a combination of magnetic and heavy liquid methods 
of separation. The augite is less magnetic than the hornblende. 
Corrections due to the presence of small ~ounts ofAffipurities in the 
separated powders were estimated by modal analysis of mounts of the 
powders. A recalculation of the corrected chemical analysis of the 
augite gave the following formula (see Table 9.3): 
(Cao.slNao.o6KO.olMgo.73Fe"o.l9Fe"'o.o6Tio.osMno.oo6Po.ool 
A10 •06 )2.oo7 (si1 • 80AI0• 20 ) 2.o·o €16 
Small amounts of water present in the analysis have been neglected in 
the recalculation. BY the method of Hess (1941), the atomic ratios 
This method cloes not allow 
for the substitution of the (ca, Mg, Fe) grouping by small amounts 
of Na, K, Ti, Mn, P and Al and the result is somewhat different from 
the composition obtained by optical methods (see above). The 
titanium content of the augite is sufficiently high to warrant the 
name titanaugite. X-ray data for the mineral (see Appendix B) are 
closely comparable with published data for clinopyroxenes. 
The optical and chemical characteristics of the titanaugite are 
virtually identical with those of a clinopyroxene separated fram a 
Tertiary camptonite of the Skaergaard area of East Greenland by 
Vincent (1953, 34). 
The hornblende of the Loch sunart c~ptonites is a brown 
hornblende which occurs as au·tomorphic prisms and partial crystals 
either freely developed or enclosing titanaugite. Its paragenetic 
relationships with titanaugite and its preferential occurrence and 
maximum growth in ocelli imply that it is of late-crystallizing origin 
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TABLE 9.3. - Chemical and related analyses of clinopyroxene 
separated ·from carqpt.onite, . 14. 
Chemical Analysis ::..:-~ Molecular Number of Number of Metal atoms 
analysis calculated ;pro;porti~'0 1 atoms. cations to 6 10 1 
free of 
impuritiesx 
SiO~ 48.0 48.4 0.805 1.610 0.805 Si 1.80 
Al23 6.1 5.8 0.057 0.171 0.114 Al 0.26 
Fe~o3 2.3 2.1 0.013 0.039 0.026 Feu'o.o5 Fe· 6.3 6.1 0.085 0.085 0.085 Fe" 0.19 
MgO 13.0 13.1 0.325 0.325 0.325 Mg 0.73 
CaO 20.1 20.4 0.364 0.364 0.364 Ca 0.81 
Na2o 0.9 0.8 0.013 0.013 0.026 Na 0.06 
KzO 0.3 0.0C0 0.003 o.oo~ o.oo& K 0.01 
H o+ 0.3 0.3 ~ discarded . H2o- 0.1 o.1 T~Oz 2.8 2.8 0.035 0.070 0.035 Ti 0.08 
p 0 0.06 0.06 0.00@4 0.0020 0.0008 p 0.002 
tqffo5 0.18 0.18 0.0025 0.0025 .o. 0025 Mn 0.006 
Total 100.44 100.44 2.6845 
Sp.Gr. 3.30 Atomic ratios: ca45.oMg40.6Fel4.4 
XCalculation of the purity of the clinopyroxene analysis: 
Iron 
Clinopyroxene Hornblende Plagioclase Bowlingi te Clit:il!des 
Volume per cent 96.0 2.9 0.7 0.2 C0~6!c:;3 
Sp.Gr. 3.30 3.22 2.694 2.36 4.02 
Weight per cent 96.5 2.6 0.5 0.1 0.3 
-added- -----------~-subtracted--~~-------
·r SiO~ 1.$ 1.0 0.35 0.02. 
Al23 0.15 0.4 0.05 0.02 
Fe~03 o.1 o.1 0.2 
Fe 0.25 0.3 0.02 0.05 
MgO 0.50 0.3 0.02 
CaO 0.7 0.3 0.05 
Na8o 0.05 0.05 Kz 0.02 0.02 
---H o+ 0.01 0.02 0.02 T~Oz 0.14 o.o9 0.05 
P205 0.003 0.003 
MhO 0.012 0.01 
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However, in two chilled edges (16 and 676) hornblende constitutes 
the most important mafic mineral. In the plagioclase-rich 
camptonites, hornblende occurs mainly as small prisms between the 
plagioclase laths. Individual hornblendes reach a length of 2 mm. 
in the ocelli of sample 14 and have the following optics: 
Pleochroism: oc. pale-brownish yellow, f!» brown, '(dark reddish-
brown; ~~c = 11-14° (range of measurements on the brown horn-
blende of all the Loch Sunart camptonites).;. noc.= 1.678, nl' = 
1.700 (both! 0.002); n~ -n!Jl= 0.022; BV (+) = 78° (average 
of measurements on 5 grains); sp.gr. 3.22. 
The chemical analysis of the separated hornblende (corrected free of 
impurities) of sample 14 has been recalculated on the basis of 
22 oxygen atoms in the unit cell (see Table 9.4), giving the 
following proportions of constituents (provisionally grouped); 
(cal.aaNao.45Ko.la)2.5l (Ms2.22Fe"1.2aFe"'o.35T1o.76 
Mno.033PO.Ol7)4.650 (S15.5aAI2.5a)8.11 (OH)o.93022 
Since it is impossible to assess the character of the replacements 
in the amphibole lattice, it is difficult to express the derived 
composition in ter.ms of theoretical end-members (Winchell and 
Winchell 1951, 425). Insufficient data ~ available for the 
amphibole group in general to correlate the x-ray powder pattern 
obtained for the analysed amphibole (see Appendix B) wi:th def'lhnite 
structural groups. Vincent (op.cit.sup.) assigned the very 
similar amphibole he separated from the Skaergaard camptonite to 
an intermediate position between the modified Winchell end members 
hastingsite, Na Ca~4Al3s16o22(0H)2 and ferrohastingsite Na Ca~ett4 
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TABLE 9.4. - Chemical and related analyses of hornblende separated 
from ~amptonite, 14. 
Chemical Analysis isMolecular Number of .Number of Metal atoms 
analysis calculated pro;port~om 'o' atoms cations to 22 c·o~y;~··: .. 
-free of 
im;puritiesX 
~ 
Si02 39.4 39.4 0.656 1.312 0.656 Si 5.65 Al2o3 15.4 15.6 0.153 0.459 0.306 Al 2.58 Fe0o3 3.6 3.3 0.021 0.063 0.042 Fe'" 0.35 Fe 10.9 10.9 0.152 0.152 0.152 Fe 11 1. 26' 
MgO 10.5 10.6 0.263 0.263 0.263 Mg 2.:22 
CaO 12.5 12.5 0.223 0.223 0.223 Ca 1.8-i 
1¥ 1.7 1.7 0.027 0.027 o. Of.54 Na 0.45 
~0 1.0 1.0 o.o11 0.011 0.022 K 0.18. §O+ 1.0 1.0 o.oit5( OH) (:\{ ;·~:<>:-) O.Cii!Ji6 OH 0.~5 §0- 0.5 0.5 ••• discarded 
T~02 3.6 3.6 0.090 0.090 0.090 Ti 0.76· 
P2o5 0.13 0.13 0.002 0.005 0.002 p 0.'{1)'17· 
MilO 0.30 0.30 0.004 0.004 0.004 Mn o.0-33 
0 ~ .. :~, 
Total 100.53 100.53 2. 60·~ 
S;p. Gr. 3.22 
Xcalculation of the purity of the hornblende analysis: 
Iron 
Hornblende Clinopyroxene Plagioclase Bow1ingite Oxides 
Volume per cent 98.0 1.0 0.4 0.2 0.4 
Sp.Gr. 3.22 3.30 2.694 2. 36 4.02 
Weight per cent 97.8 1.1 0·3 0.2 0.6 
-added- -------~-~-----subtracted--~---~---~--
SiOO 0.75 0.5 0.2 0.05 
Al23 0.35 0.06 0.04':: 0.05 
Fe0o3 0.1 0.02 0.4 Fe 0.25 0.06 0.03 0.15 
MgO o. 25 0.13 0.03 
cao 0.25 0.20 0.03 
Na~O 0.05 o.o1 0.03 H + 0.05 0.03 
TXo2 0.01 0.03 0.05 
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Fe"' Al2si6o22 (0H) 2• The chemical composition of a hornblende 
separated from a canptoni te by Campbell and Schenk ( 1950) is very 
similar to that of the present example. Vincent has discussed 
the possible homenclature of the brown hornblende as kaersutite or 
titaniferous oxyhornblende (Winchell and Winchell 1951, 437). The 
iron content of the present hornblende is higher compared with that 
of sample 14 as a whole (see Table 9.7), and considerably in excess 
of that of the clinopyroxene and the bowlingite. The increasing 
values may be related to the knovm order of crystallization of the 
several minerals. 
The olivine of the Loch Sunart camptonites is completely 
pseudomorphed by green bowlingite eoccepting in two instances (sample 
683 from the margin of dyke 681, and dyke 1093). About two-thirds 
of the original olivine of sample 683 is unaltered. It shows a 
little zoning and has 2V(+) = 90° (± 2°) (a single direct Universal 
stage measurement), approximating to a composition of Fa10_15 (op. 
cit., 500). Most of the individual grains aare partly altered to 
bowlingite, the fibres of which show straight extinction and a re 
length-fast. The presence of fresh olivine in a few camptonites 
(and monchiQuites) may be fortuitous, but is nevertheless in marked 
contrast to the total absence of unaltered olivine fram dykes of tre 
olivine-doleritegr,oup. The bowlingite fibres altering from the 
olivines of sample 14 have the following optics: 
Pleochroism: 
length-fast; 
otlight green, l dark green; parallel extinction; 
no<.= 1. 557, n ~ = 1. 582 (both ± 0. 002); nl -n(l = 
0.025; sp.gr. 2.36. 
These data correspond moderately well with those given by Winchell 
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' ~ .. 
and Winchell (1951, 399-400) for bowlingite. The optical character-
istics of both the bowlingite and the pseudomorphs in which it occurs 
are very stmilar to those described for the olivine pseudomorphs of 
the olivine-dolerites (see Chapter VII). The X-ray diffraction 
results for a separated concentrate of the bowlingite from sample 14 
correepond closely with published data for saponite (see Appendix B). 
The considerable variation in the proportion of plagioclase 
occurring in individual camptonites has already been discussed. 
Where the content of mafic minerals is high (e.g., dyke 595), the 
plagioclase occurs mainly in the ocelli. In those dykes rich in 
plagioclase, the mineral is common through the general body of the 
rock in addition to being concentrated in ocelli. Sometimes the 
plagioclase is interstitial but more usually it is well-shaped, 
forming stout laths, O.l-1.5 mm. in length in sample 14. It is 
often a little altered to carbonate and chlorite. Signs of the 
interpenetration of analcite and plagioclase can be seen in sample 14. 
Here the plagioclase has n 2 = 1.553-1.561 (± 0.002), corresponding 
to An48_61 (see fig. 9.14). It is possible that plagioclase of 
ocellar occurrence is more sodic than that occurring in the general 
body of the rock (c.f. Ramsay 1955, 304), but little evidence was 
found of zoned plagioclase in any of the camptonites. A mean 
composition of An56 has been assumed in the calculation of the 
chemical composition of the rock (see Table 9.7). Approximate 
Carlsbad-albite twin measurements on the plagioclases of many of the 
camptonites show that the composition varies between medium andesine 
and medium labradorite in individual dykes. 
The average volumemvtc content of opaque minerals in the Loch 
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Sunart camptonites is about 9 per cent. They are mainly magnetite 
(or ilmenite) with trace amounts of sulphides and occur as small 
hypautomorphic grains seldom greater than 0.2 mm. in diameter (see 
fig. 9.11). The two most magnetic grades of the iron oxide grains 
of sample 14 proved to be magnetite on X-ray investigation (see 
APpendix B), although the replacement of some iron by manganese or 
zinc is possible within the range of accuracy of the diffraction data. 
The reflectivity of the oxide grmns in polished section is a little 
lower than that of magnetite proper. Some of the gr~ under oil 
immersion show exsolution characteristics which suggest a magnetite-
manganese ferrite eutectoid co~position. The presence of a 
subsidiary amount of ilmenite has been allowed for in the calculation 
of the chemical composition of the rock (see Table 9.7). The 
specific gravities of the separated magnetite fractions are rather 
low due to incomplete removal of anisotropic minerals attached to 
the magnetite grains. 
Long needles of apatite project into the plagioclase, chlorite 
and analcite occurri~g in the ocelli of the camptenites. A rough 
concentrate of apatite fragments was obtained during the magnetic 
separation of the minerals of sample 14. The apatite has n£ = 
1.640 and n~= 1.643 (both± 0.001), corresponding to a mixed fluor-
hydroxylapatite (Winchell and Winchell 1951, 199). A composition of 
Ca5P3o12(F=OH) has been used in the chemical computation. Numerous 
elongated biaxial crystals of low birefringence also present in the 
ocelli are probably fibrous zeolites. A composition approximating 
to that of thompsonite has been assumed in the computation. 
The isotropic zeolite occurring mainly as an ocellar constituent 
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in most of the camptonites has n = 1.487 (! 0.002) in sample 14 and 
is therefore analcite. It appears to both replace and be replaced 
by c~lorite, but carbonate is always of later formation than the 
analcite. The invariable occurrence of ocellar analcite in tre 
camPtonites impiliies that the late~crystallizing residuum of the dyke-
forming magma was rich in water and sodium and became crystalline 
at a very low temperature. Although the us~al form of the analcite 
is as illustrated in fig. 9.11, the mineral may more completely fill 
the ocelli. In extreme cases (see fig. 9.12), ragged edges of 
ocellar analcite occur against normal rock. Analcite is rarely 
fottma as ~enomorphic patches in the general body of the rock (e.g., 
347), and in only two instances (218, 1051) as a vesicle infilling 
(see fig. 9.12). Here it has the same refractive index and shows 
weak birefringence and polysynthetic twinning in parts of individual 
crystals. 
Green chlorite occurs as flecks and fibrous aggregates in tbe 
ocelli of the camptonites and is uncommon outside the ocellar areas 
except in rare, weathered eamptonites (e.g., 1102). It often has 
the appearance of altering from a turbid isotropic base, possibly 
analcite, in the same way as is commonly found in the monchiquites. 
DYkes containing appreciable proportions of ocellar chlorite may 
therefore represent intermediate petrographical types between the 
camptonites and the monchiq~ites. P~tches of crystalline carbonate, 
~= 1.658 (± 0.002) corresponding to calcite in sample 14, are 
common ocellar constituents and frequently alter from plagioclase, 
analcite and chlorite. Carbonate was probably the last mineral to 
crystallize in the camptonite magma. 
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FIG. 9.12 . - Camptonite with analcite amygdales 
Fine-grained olivine-hornblende-augite-camptonite with 
analcite of both ocellar and amygdaloidaThahit. 
FIG. 9.13 . - Hornblende-lamprophyre 
Brown hornblende prisms showing partial flow 
structure in an oligoclase matrix without pyroxene. 
Small amounts of biotite are modally estimable in only three 
dykes (668, 670, 681). The textural relationships of the biotite 
are similar to those of the hornblende. It occurs as small, 
unaltered flakes ., "· pleochroic from straw-yellow to brown. 
Clusters of tiny granules of epidote or sphene, pale brovvn in colour 
and weakly pleochroic, were observed at the margins of same ocelli 
in camptonite 14. Arnygdales are not usually present in the 
camptonites (see Table 9.2). The normal constituents are carbonate 
and green, fibrous or rosette chlorite. Their well defined rims 
are readily distinguishable from the transitional margins of ocellar 
areas. Spaero-radiate zeolite occurs in the vesicles of sample 
668. Chlorite-carbonate amygdales in sample 1051 appear to have 
grown at the sites of former ocelli. 
Three dykes of the Loch Sunart dyke sample; ( 497, 821 and 1090 ), 
together with the dyke (706) followed by the lead vein at Lurga Mine 
possess very unusual mineral assemblages which in same ways can be 
likened to those of the camp toni tes. A central sample of dyke 497 
is a partly mineralised hornblende-biotite-olivine-augite-plagioclase 
rock. It has a weakly developed ocellar habit and conta2!11is small 
amounts of ocellar analcite. The total amount of biotite and 
horublende present is about 15 per cent by volume, sufficient to 
warrant inclusion with the camptonites, but the texture is that of 
a camptonttic dolerite rather than a camptonite. The characteristics 
of the pyroxene are impossibilie to ascertain because of total 
alteration to green chlorite (presumably as a result of weruc 
mineralisation). Both plagioclase and bowlingite(a~ter oiliivine) 
occur as phenocrysts, partly converted to clay minerals and carbonate. 
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Grains of quartz present do not coincide with amygdales. It is 
possib~e that some hybridization between the dyke~rock and intruded 
appinite has taken place. Shearing and subsequent mineralisation 
has occurred along the side of the dyke with the development of 
mylonite schlieren and carbonate veinlets in the chilled margin of 
the dylce. 
Dyke 820 is a broad weathered intrusion, weakly mineralised at 
its contact with a parallel olivine-dolerite. Samples collected 
across the dyke are lamprophyric augite-feldspar rocks of very 
variable composition (see Table 9.5). The augite of the central 
sample (457) is not titaniferous, accessory amounts .of biotite and 
olivine pseudomorphs are the only additional mafites and a large 
proportion of potash feldspar occurs in addition to plagioclase. 
Olivine pseudomorphs and brown hornblende are more common in 
marginal samples (820 and 819) which contain a titaniferous clino-
pyroxene. 
The edges of this dyke appear to have differentiated to rock of 
non-ocellar camptonite or spessartite containing bro\v.n hornblende 
from central rock of spessartite-vogesite type. 
A sample of dyke 1090 has the following mineral percentages by 
volume: 
feldspar (refractive index below Canada Balsam) 38, feldspar 
alteration products 10, brown horn~de 35, opaque minerals 9, 
o~ine pseudomorphs 5, apatite 3. The hornblende has the thin 
section characteristics of the hornblende of camptonites but the 
part1al flow structure that it exhibits is of unique occurrence in 
the Loch Sunart dykes (see fig. 9.13). The amount of hornblende 
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TABLE 9.5. - Petrographical variation across cam;ptonite dyke 820. 
Distance from dyke contact (ft.) 1 + 2 
821 820 
Plagioclase 
Potash feldspar 
Clinopyroxene 
Olivine pseudomorphs 
Brovvn hornblende 
Biotite 
O;paCJ.ue minerals 
Apatite, fibrous zeolites 
Carbonate 
Chlorite 
.Amygdales 
Av.lemgth of 
plagioclase laths, mm. 
Av. diam. (max.) 
of olivines, rmn. 
+ mode estimated; 
x clinopyroxene ;pseudomor;phed. 
35 30.1 
4.1 
2oX 24.0 
15 14.6 
8 10.1 
2 1.8 
8 7.7 
2 1.5 
5 1.6 
5 4.5 
0.3 0.6 
1.0 0.8 
5 12 Av.of 457(centre)~f 
819 ~ 820,819 82l(margin) 
34.8 35 32.5 
6.0 16 5.0 +10 
29.0X 25 26.5 +5 
1.5 2 8.1 -13 
5.1 -8 
4.6 5 3.2 +3 
9.2 10 8.4 +1 
1.7 1.6 -2 
2o0 1.8 -5 
11.2 11 7.8 +6 
2 ~2 
0.8 1.0 0.6 
0.8 
iNomenclature: 821 and 820 -biotite-bearing hornblende-olivine-augite-
camptonite (820 with a small amount of potash feldspar); 819 and 
457 -·.olivine-bearing biotite-augite-camptonite (containing potash 
feldspar); dyke average -biotite-hornblende-olivine-augite-
cam;ptonite (containing potash feldspar). 
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present is exceeded only in one camptonite. The narrow prisms are 
set in a tabular base of partly altered alkali feldspar, probably 
albite, which is seldom ocellar in habit. A small number of green 
bowlingite pseudomorphs after olivine are also present whilst pyroxenffi 
are notably absent. Strict adherence to the methods of classificat~m 
of lamprophyres put forward in Chapter III would result in the naming 
of this dyke as an olivine-hornblende-camptonite. Identical rocks 
are figurea by Phillips (1956, 107) as hornblende-spessartites. The 
characteristics of the feldspar base are very unlike those of the 
groundmass of c~ptonites. It is possible that the dyke is a 
Devnnian intrusion of the same group as the spessartites containing 
green hornblende described 'in Chapter III, but it may be noted that 
the dyke occurs several miles distant from any major occurrence of 
Caledonian granite. 
A number of samples were collected along the strike of the dyke 
which has acted as the principal structural control in the location 
of Lurga Vein. At Lurga Mine, outcrops of the dyke are usuallY 
strongly mineralised (smaples 147 and 144 in Table 9.6). Potash 
feldspar is present in same of the samples and biotite exceeds brown 
hornblende in others. Phenocrysts of titanaugite occur in sample 
142, but the clinopyroxene :Of sam1Jle 706 is not titaniferous. In 
the latter sample, partly chloritis~d ocellar analcite is of equal 
amount to feldspar. The heterogeneous character of the dyke at 
Lurga Mine is similar to that of dyke 820 (see above). Certain 
petrographical features mal{:e possible the comparison of the dyke with 
vogesites. However a partly mineralised true campt•oni te was found 
in direct strike continuation with the dyke ':cat the mine. Samples 
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TABLE 9.6. - Petrographical variation along cawtonite d.,yke 7D6. 
We~t (Lurga Mine)o (Allt Bei:tbeath~ast Av.of 706, 
147+ 706 144+ ill, 695 694 l42,6S6p94 Range 
Plagioclase 
Potash feldspar 25X 
Clinopyroxene 25 
Olivine pseudomorphs22 
Bro·wn hornblende. "5 
Biotite 5 
Opaque minerals 8 
Analcite 
Chlorite 
Carbonate 10 
Amygdales 
Apatite, fibrous 
zeolites. 
Plagioclase composi-
tion, per cent An. -
Av. length of 
plsgioclase laths, 
18.7 
31.0 
8.8 
3.1 
1o.o 
7.9 
J-8.2 
2.3 
48 
25 
15 
2ox 
15 
10 
8 
5 
2 
36.2 
24.6 
18.4 
2. 2 
tr. 
5.8 
10.7 
2.1 
48 
31.7 
31.9 
10.9 
12.0 
7.2 
1.3 3.0 
1.0 
1.0 
22.9 
23.8 
24.2 
19.5 
3.8 
lli.l 
2.4 
1.4 
0.9 
54 
27.4 
27.8 
15.6 
9.2 
2.5 
6.2 
5.1 
4.0 
0.6 
1.1 
0.5 
50 
0-36 
0-25 
20-32 
9-24 
0-20 
0-10 
4-8 
0-18 
0-11 
0-10 
0-2 
0-2 
lTII}I.o 0.3 0.4 0.8 0.4 0.6 0.6 0.3-0.8 
Av. diam.(max.) of 
olivines, mm. 2.0 0.6 0.3 1.0 0.8 0.8 0.8 0.3-2.0 
+ mode estimated 
x clinopyroxene pseudomorphed. 
Nomenclature: 147 - biotite-hornblende-olivine-augite- ?vogesite; 
706 - hornblende-bearing olivine-biotite-augite-camptonite; 144-
wiotite-olivine-augite-camptonite (with potash feldspar); 142 -
hornblende-bearing olivine-augite-camptonite; 695 - olivine-
hornblende-augite~camPtonite; 694 - hornblende-olivin&augite-
camptonite (with olivi1ie in slight excess of titanaugite); dyke 
average - biotite-bearing hornblende-olivine-augite-camptonite. 
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(694 and 695) of the dyke contain titanaugi te and important amounts 
of brovn1 hornblende set in an ocellar base of plagioclase and analcita 
weathering and mineralisation can probably be held to account for 
some of the unusual petrographical featui•es of the dyke in the mine 
exposures. 
Chemistry. - An analysis of the fresh smaple 14 of camptonite dyke 
14 is given in Table 9.7 and the rock norm is listed in Table 9.8. 
Since the rock contains nearly 70 per cent of dark nunerals, it is 
chemically rich in iron, magnesium and calciUm and highly under-
saturated. Large amounts of olivine ~nd wollastonite appear in the 
norm together with some nepheline. Alltalise nevertheless occur in 
significru1t proportions giving rise to an important quantity of 
normative feldsparo The titaniQm content of the rock is moderately 
high and apatite and calcite are significant normative constituents. 
In Table 9.7, an attempt has been made to deduce the chemical 
composition of sample 14 on the basis of theproportions and 
composition of the individual minerals present in the-rock. The 
modal quantities of each mineral were first of all converted to 
weight percentages. The specific gravities of the hornblende, 
augite, bowlingite and magnetite-ilmenite were determined experiment-
ally on separations of the minerals for chemical analysis and,X-ray 
investigation (see above and Tables 9o3 and 9.4). Values for the 
remaining minerals were obtained from data giveh by Winchell and 
Winchell (1951) after optical determination of their compositions 
(see above). One of the saponite analyses collected together by 
Caillere and Henin (1951, Table 1, anal. 5) has been used to 
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TABLE 9 . 7. - Com utation of the chetGical c·orrt ' bsi tion of c tonite 14. 
' . ·~· -ll ~ --·- - I ,- . 
.• . r~ ~~ 
P1agio Horn- Titan- Bowl- Magnetite Py:b Apat- ~a1- zeol carbon Chlor Total Rock 
-clase blende augite ingite -ilmenite -ite ite le i 1!;e -ite -ate -ite analysis 
'"--s U ''i ( I --
' . ~ 
Volume 17.6 25 . 2 21.1 12.7 5 .7 0.1 1 .. o "'- lt.~e/{.' · 3.0 5.6 2.0 100.0 
per cent 
r~ .... -.1 7 . 
.• f:. ·. 
Sp.Gr. 2.694 3.22 3.30 2.36 4 .02 5 .02 3 . ·zo. ~ :J .• £. 2t 2.4 2.715 2 . 8 3.03 2.88 
Weight 
per cent 15.90 27.21 23.35 10.05 7 . 45 o. 26 1~ 51 ·~ ; ~4l;;g'5 2.76 5.10 1.88 100.00 ,,{ ~ ~· 
' ) .,. !•-
" ,_ ... , 
,· oi.-
Si 0 2 9 . 70 10.66 11.25 4 . 20 - -
' . , .... :~~ · ~6 o.73 - 0.54 39.34 43. 9 "":' ~~{'' 
.1203 3.10 4 . 22 1.35 0.96 - - ~ 'i;1~. .tO• 5t1 0 . 73 - 0.27 11.20 12.5 "-'' . ~ 
Fe~o3 0.89 0.49 0.57 ~h-73 
- -~ , (!'~ l'" i 4 . 68 4 .0 
- -
_..., riJ . .,, ~ (~ - - -2 . 95 1.42 0.42 13.73 0.13 '": ; ~~ ~~;;,~; I · '• ~ 7 .1 Fe 
- - -
- -
8 . 65 ~-...~ - -- ' MgO 2 . 87 3 .05 2 .03 - . ' ·:: .,. ,·_, 0 . 80 8 . 75 10.0 - "!'" ~-< 'I ~: /" - -
CaO 2 . 23 3 . 38 4 .74 0.03 - - q,~r> ,,~.. _ .. ~. 0 . 22 2 . 55 - 14.10 10.1 
Na§O 0.87 0.46 0 .19 
... 0.22 2. 31 3.2 
- - -
c~._..,.. . ·.,,t.~ - -
-
0 . 27 0.07 
- -
-
.. :· ·~ 
- - -
o. 34 1.6 ~o+. 
-
0.27 0 .07 0.81 - - 0 . 87 - 0.27 3.70 2.2 
H2o-
-
o.Q4 0.02 0.99 
- - - - -
1.15 1.0 
T~Oz - 0.97 0.65 0.03 1.00 - - - - 2 . 65 2 . 6 
Pz05 - 0.04 0 .01 - - - - - - 0.33 0.31 
MiiO 
-
0.08 0.04 
- - -
- - -
0.12 0.26 
COz - - - - - - - 2. 55 - 2.55 1.9 
s 
- - - - -
0.13 - - - 0.13 0 .13 
Total (0 :for S accounted for in rock analysis) 100.00 100.76 
~clinopyroxene 40.0 
FeO + Fe2o3 x 100 hornblende 58.0 FeO + Fe2o 3 + MgO bowling ite 38.3 
rock 52.6 
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represent the composition of the bovvlingite. The green chlorite 
has been treated as a hydrated magnesium-almninium-silicate and tbe 
sulphide mineral as pyrite. 
The computed chemical composition of sample 14 shows only 
moderate approximation to the bulk rock analysis. Moderate 
deficiencies in Si02 and A12o3 appear concurrently with surpluses 
of tron (particularly FeO) and GaO in the computation. The presence 
of free orthoclase {about 80 per cent of the normative content) in 
the rock is suggested and the normative plagioclase is more sodic 
than the optically determined composition. However, the amount of 
zeolites (some possibly rich in potassiura) may have been under-
estimated mn the mode. 
The excess of iron in the computed c~position may largely 
be related to over-estimation of the volume of iron oxide grains of 
high relief in thin section. The occurrence of most of the 
plagioclase,calcite, zeolites, apatite and chlorite, in ocelli 
irregularly distributed through the rock sample, constitutes a prime 
difficulty in relating the mode of a single slice to the bulk 
chemical composition of some 20 grams of powdered material. The 
q 
amount of P2o5 derived from the computation is notably in clfse 
correspond~ce with the-actual amount, but compared with the~mode, 
i 
there is much less calcite in the norm of the rock analysis.i 
Calculation of all the feldspar of the rock as plagioclase, An56 , 
probably accounts for the additional excess of GaO in the ca$puted 
analysis. The deficiency in the derived MgO value may be related 
either to modal underestimation of bowlingite and chlorite or to a 
greater magnesmum content of the bowlingite of camptonite 14 than 
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in the bowlingite ana}ysis used. The computed Ti02 value is 
considerably lower than the actual value unless about 1 per cent of 
titanium is calculated as ilmenite. The presence of 0.1 per cent 
pyrite in the rock was assQmed during the computation. The latter 
shows a considerable excess of water compared with the actual analysi~ 
suggesting that zeolites occur in the rock in smaller amounts than 
calculated in the mode. This suggestion is contrary to the evidence 
of the derived and actual alkali values (see above). 
On the whole, it can be inferred from the computed values that 
the'main sources of error in relating modal to chemical composition 
lie in the overestimation o·f the dark minerals during the modal count 
(supported by the larger value of the computed specific gravity), 
and the possible existence of differences between the modal and 
~ctual mineralogical qompositions of the rock, +argely due to 
irregular distribution of the ocelli. · C.Y:'l 
Compared .with the analysis of the type camptonite from C~ton,New 
Hampshire (Hawes 1879, 150), the rock analysis of sample 14 shows 
moderate differences for most values but considerably more MgO and 
less Na2o. Daly's {1910, · 233) average cam;ptonite contains much 
less MgO and more Al2o3 than the Loch Sunart dyke. 
TWo camptonite dykes occurring in the neighbourhood of the Loch 
Sunart area have been analysed by the Geological Survey during their 
investigations on Sheet 52 (Guppy and Sabine 1956, 19-20: anals. 
672 and 674). The analyses are very similar to that of sample 14 
excepting that they contain rather more Al 2o3and P2o5 and as in the 
case of th~ analyses already mentioned, are relatively deficient in 
MgO. However, it is notable that olivine pseudomorphs in the two 
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analysed rocks are unco1nmon. The analysis of the well known 
Ardmucknish (Argyllshire) camptonite (Mem.Geol.Surv. 1908, 126) 
contains more cao and slightly less MgO than crunptonite 14. The 
high value for cao may be related to the large amount of calcite 
present in the rock. Olivin~ pseudomorphs are also quite common. 
An analysis of one of the Monar (Ross-shire and Inverness-shire) 
camptonites (Ramsay 1955,305) contains rather more Fe203 and Al203 
and again considerably less MgO. The five available analyses of 
camptonite dylces of the Orkneys (Flett 1935, 177: anals. II, III and 
IV; Guppy and Sabine, op.cit. anals. 671 and 673) show differences 
to the analysis of camptonite 14 of the same type as encountered 
in the above examples, but are in the main closely similar to the 
analyses of the w. Highland dykes. Despite marked differences in 
mineral composition between the ten analysed cmnptonite dykes of 
the Ork.neys and the w. Highlands, chemical variations are in the 
main, limited to moderate differences in magnesium calcium and 
sodium. 
Chemical differences between camptonite 14 and olivine-dolerite 
189 (see Table 7.4) are small. The dolerite contains rather more 
silicon and smaller amounts of alkalis and titanium. The strik: ing 
chemical affinities of the dolerites and camptonites of the w. 
Highland Permo-Carboniferous dyke swa~n have already been pointed out 
by Ramsay (op.cit.sup). Monchiquite 825 (see Table 9.11) is a 
little more undersaturated than the camptonite and contains r~ther 
more aluminium, ferrous iron, water ru1d sulphur and rather less 
alkalis and phosphorus. 
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Mineralisation. - The association between mineralisation and Permo-
Carboniferous carn;ptonite dykes is less intimate than in the case of 
dolerites of the same general age. Carbonate veinlets running 
parallel with dykes of can1ptonite, either at sides or near centres, 
coincide in the main with lateral or internal shear planes. 
Cmaptonite contiguous with small-scale mineral veins of this type 
is very little altered. Dykes of camptonite appear to have resisted 
mineralisation to a much greater extent than the narrow pre-mineralis-
ation dolerites. The highly mafic character of the camptonites and 
particularly the large proportions of' brown hornblende (highly 
resistant to mineralisation) contained by most examples, possibly 
accounts for their relatively greater resistance to mineralisation 
processes. In addition the fissures occupied by the earlier 
dolerites may have been more accessible to the mineralising fluids 
than those intruded by the camptonites (and the monchiquites). 
However, this suggestion is not supported by the identical structural 
trends of Permo-Carboniferous dolerites and lamprophyres in the Loch 
Sunart area and the frequent occurrence of' €ey!k6.sdl2!:f'both types 
parallel to one another or in strike continuations along the same 
fissure. 
In a few cases however, mineralisation has taken place along 
fault lines which run obliquely to caraptonite dykes. The best 
example of themineralisation of camptonite dykes, and one of th~ 
most informative instances of the mineralisation of a basic intrusion 
in the Loch Sunart area is provided by dyke 14 which has been faulted 
and mineralised across its strike. 
Samples taken from camptonite dyke 14 are located diagrarmnatically 
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on fig. 9.14. The three analysed samples are respatively, fresh 
(14), moderately mineralised (282) and very strongly mineralised (17) 
at distances of 30 feet, 2 feet and 6 inches from the mineral vein. 
All three are samples of rock which is more or less central in the 
dyke. Their original composition can therefore be taken as 
approximately the same, that is, the composition of the fresh sample 
(14) whiDch has already received detailed description. 
The petrographical characteristics of the three analysed samples 
and six intermediate sliced samples of the dyke demonstrate the 
rapid fall-off of the gradient of mineralisation in the camptonite 
away from the mineral vein contact. The gradient is best represented 
by the amount of interstitial and vein carbonate contained by the 
individual samples. Bordering the vein, the dyke contains 25-35 
per cent by volume of such carbonate but within 2 feet of the vein, 
the amount decreases to less than 10 per cent (see fig. 9.14). 
Sample 16 situated 4 feet from the vein but near the edge of the 
"dyk c~ e, illustrates a return to a content of about 20 per cent of free 
carbonate, this suggesting some diversion of the mineralising fluids 
along the sides of the dyke away from the main mineralisation 
channel (the fault). Relatively unaltered rock (281) appears at a 
distance of only 5 ·feet from the vein. Narrow dolerite dykes cut 
by the srune vein nearby are mineralised more than 20 feet away from 
the source of the mineralising fluids (c.f. above). 
The main changes due to a medium degree of mineralisation of 
camptonite can be assessed by a comparison of samples 14 and 282. 
In thin section, they are the alteration of original bowlingite 
pseudomorphs to serpentine, mostly rosette in habit, and small 
- 223 -
0.5 
0.4 
0.3 
0.2 
0.1 
mm.O 
35 
'E 30 
t 
t 25 Q. 
411 
§ 20 
0 
> 
15 
10 
5 
0 
411 
.. 
>. , 
.1: 
Ul 
411 
... 
-
- -•-- -•- - nw carbonate-- --•---
_ ~·---- diameter---•- olivine- •·p ........ ~ 
era9e seudom ...... :.::.:>-<: 
-a" or .- ,, 
·- 9e--..... \~'-. Phs--- / . , • - - --• 
. --avera "- ,.,.(\9 lO'I. 
• • ... <tg. ' ·c; 
:lo"l. ~ 
<t.s >-"' ~ ....... _, 
-
., 
IQ 
Ul 
~ 
a. 
'< 
7r' 
A 
1-vein-1 distance in feet 
263 284' 17 283 282 16 281 14 279 
~J n!mn nn ~~~lllllll~lllllllllllllllll1~111llll~lm ~ B ITI 
amounts o~ calcite, nta= 1.658 (± 0.002), and the conversion o~ 
original titanaugite to pale green serpentine (and possibly chlorite) 
with included tiny grans o~ leucoxene. The excess of no~ative 
calcite over calcite observed in t hin section suggests that crypto-
crystalline calcite may be inte~ixed with the hydrated mafic 
alteration product, thus ancounting ~or the very pa~e colour of the 
latter. Small amounts of residual bowlingite and titanaugite remain 
in sample 282. The outlines of both olivine and pyroxene pseudomo~ 
are well preserved (see fig. 9.15). The fact that the titanaugite 
alteration products are very probably hydrated may largely account 
for the considerable increase in the total water content o~ sample 
282 (see Table 9.8). Although the brown hornblende in thin section 
appears fresh, even where it occurs as mantles to the pyroxene 
pseudomorphs, it has darkened pleochroism oo lours and the smaller 
prisms appear to have been destroyed, whilst in the rock powder, 
hornblende fragments have rather lower refractive indices than those 
of the hornblende of sample 14. 
optics: 
The hornblende has the follow:i. ng 
Pleochroism: 0( pale reddish-brown, ~ reddish-brown, ~ brovmish-
red;r~c = 12-14° (rru.'lge of 10 measurements); n"'= 1.673, n~ = 
1.695 (both± 0.002); nl-no<. = 0.022; 2V(-) very high. 
The optical characteristics of the hornblende of sample 282 
may be held to suggest small losses of calcimn and possibly magnesium 
from the mineral during mineralisation with consequent deepening of 
the pleochroism colours due to a relative increase in the iron content. 
No appreciable disintegration of the amphibole lattice has taken place 
as in the cae of the titanaugite. Small losses or iron and moderate 
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losses of magnesium are suggested by a comparison of the rock 
analyses of samples 282 and 14 (see Table 9.8) whereas the calcium 
content of the two rocks is virtually the same. The decrease of' 
the refractive indices of the hornblende of sample 282 may therefore 
alternatively be interpreted to represent losses of iron and 
possibly magnesium. 
Although the· p·lagioclase, like the hornblende, appears unaltered 
in thin section, in the rock powder, fragments have n2 = 1.550-1.559 
C± 0.002), corresponding to An44_58 , and it is therefore somewhat 
albitised with respect to the plagioclase of' sample 14. Despite 
albitisation, the sodimn content of the rock has decreased by about 
60 per cent compared with that of sample 14 (see Table 9.8). 
Concomitantly, there has been an increase of nearly 30 per cent of 
potassium. Most of the analcite of sample 14 is altered to a 
chloritised, turbid glass in sample 282, thus possibly accounting 
for same loss of sodium, whilst both apatite and fibrous zeolites, 
possibly potassium types, are more abundant in sample 282. The 
location of the potassium in sample 282 is otherwise difficult to 
assess since free orthoclase does not occur in the rock powder. 
Calcite is particularly common ip. the ocelli of the rock where it has 
pabfl.y replaced both analcite and chlorite. Much of the calcium 
for its formation was probably derived from the rock in place, 
particularly from the plagioclase and the bowlingite, and possibly 
from the hornblende and ti tanaugi te. The alteration of bowlingite 
to serpentine nevertheless suggests an increase in the calcium-
magnesium ratio of the olivine pseudomorphs, a feature which is 
supported by the moderate losses of magnesium from the original rock 
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TABLE 9. 8. 
-
Chemical changes during the mineralisation of' camptonite 
Degree of' mineralisation fresh medium strong 
14 282 17 17 c.f.l4 
CHEMICAL ANALYSES 
Si02 . 43.9 43.8 43.7 -0.2 
Al2o3 12.5 12.1 14.5 +2.0 Febo3 4.0 3.4 0.1 -3.9 Fe 7.1 6.8 4.7 -2.4 
MgO 10.0 6.2 4.4 -5.6 
CaO 10.1 10.5 10.3 +0.2 
Na8o 3.2 1.1 0.8 -2.4 1.6 2.2 6.2 +4.6 ~o+ 2.2 4.1 3.0 +0.8 
H o- 1.0 0.7 0.7 -0.3 T~02 2~6 2.6 2.9 +0.3 
P205 0.31 0.46 0.47 +0.16 
MfiO 0.26 0.13 0.02 -0.24 
BaO tr. tr. 1.38 +1.38 
002 1.9 6.5 7.7 +5.8 
s 0.13 0.26 0.39 +0.26 
Total(O for S accounted for) 100.76 100.78 101.16 
S:p.Gr. 2.88 2 .. 79 2.83 
C.I.P.W. NORMS 
q_u 14.1 6.9 +6.9 
or 9.4 13.0 36.7 +27.3 
ab 18.9 9.3 6.8 -12.1 
an 15.0 7.9 
-15.0 
ne 4.4 
-4.4 
c 5.8 6.5 +6.5 
WO 15.0 
-15.0 
di 1.6 +1.6 
by 20.2 13.3 +13.3 
ol 21.5 
-21.5 
mt 5.8 4.9 0.1 -5.7 
il 4.9 4.9 5.5 +0.6 
PY 0.5 1.0 1.5 +1.0 
ap 0.7 1.0 1.1 +0.4 
cc 4.3 14.8 17.5 +13.2 
C.I.P.W .. Symbol IIIo 5.4.4. :EII.4.4.2 III.4.4.2 
Normative feldspar or22Ab44An34 Or43Ab31An26 Ors4Abl6Ano 
No~native :pyroxene WolOO Wo 0En76Fs24 wo6En74Fs20 
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(see Table 9.8) in which a large proportion of' the magnesium appears 
to have been located in the bowlingite (see above). It is nnlikely 
that any calcimn has been introduced into the rock, although 
simultaneous removals and additions of' calcium may have taken place 
between the original mafic minerals and the mineralising sbll::'d!.tfiliiQns. 
The original opaque minerals are very little altered to leucoxene, 
although the latter is present in the pyroxene pseudomorphs ~ere it 
appears to have originated due to separation of iron (and possibly 
titanium) during alteration of the titanaugite to chlorites. The 
·• 
total iron content of' sample 282 is somewhat lower than that of' 
sample 14 while at the same time, titanium has remained constant. 
There may have been some enrichment of' tit~ium in the opaque oxide 
grains at the expense of' ferric iron (c.f'. also the normative ratios 
of magnetite and ilmenite in Table 9.8). A 100 per cent increase 
in the sulphur content of' sampl~ ·. 282 denotes the metasomatic 
introduction of' this element by the mineralising fluids. 
The formation of large arnounts of calcite as a res\ll.lt of' partial 
mineralisation· in sample 282 has reversed the original Undersaturated 
character of' the rock:(taken to be represented by sample 14). 
Quartz andtwpersthene figure importantly in the norm (see Table9.8). 
The available alkalis are insufficient to satisfy all the aluminium 
present to form feldspar, thus corundum also appears in the norm. 
The petrographical characteristics of' sample 283 taken one 
foot from the mineral vein, are intermediate in type between those 
of samples 282 and 17. The outlines of' the plagioclase laths are 
ill defined and in one case a Carlsbad-albite twin determination 
yielded a composition of' An28• Carbonate is an important associated 
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alteration producto HYpautomorphic:~ prisms composed of' chlof'ite 
and pale green serpentine packed with leucoxene grains c. are taken 
to represent both the original titru1augite and the brown hornblende. 
Mineralisation of' the latter mineral has noticeably lagged one 
stage behind that of the former and occasional patches in the 
serpentine showing brighter interference colours suggest that the 
hornblende has not been completely replaced. A little residual 
bowlingite remains in the small number of olivine pseudomorphs 
that are recognisable as such, but large patches of crystalline 
carbonate appear to have largely replaced the pale green alteration 
product of the pseudomorphs of sample 282. Although ocelli are 
sometimes discernible, feldspar and coarsely crystalline carbonate 
are the only main constituents. Original analcite and green 
chlorite have presumably been replaced by the carbonate. A 
considerable number of tiny prisms of brown.hornblende occur 
throughout the body of the rock but particularly at the margins of 
the ocelli. Some are bent and wispy, but their presence nevertheless 
illustrates the remarkable resistance of this mineral to mineralisatim. 
It is doubtful whether their occurrence as small prisms, notably the 
first pieces of brown hornblende to be destroyed d~ring the partial 
mineralisation of sample 282, signifies some degree of recrystalliza-
tion as a result of strong mineralisation. 
The high grade of mineralisation represented by sample 17, 
taken a few inches from the vein contact, is largely due to an 
intensification of the activity of processes of metasomatic replace-
ment observed to have brought about the alteration of sample 282. 
Wispy hypautomorphic outlines of the original titanaugite and 
- 220 -
hornblende prisms can be seen in thin section to be preserved in an 
indeterminate pale green alteration product with which calcite does 
not appear to be associated. The homogeneity of the alteration 
product prevents distinction of original pyroxene and amphibole 
although a few patches of dai•ker coloured, p1l.eochroic material may 
represent same inconwletely altered hornblende. The apparent 
convergence in the composition of the original mafic minerailis as a 
result of mineralisation is a notable ~eature of the replacement 
processes at work. Recognisable brown hornblende occurs as minute, 
widely dispersed shreds of the original prisms. The high degree of 
resistance to mineralisation of the tiny hornblendes-..;is.•C.OJ'!lP&~able.:~:to 
that cilfcsimilar hornblendes in strongly mineralised hornblende-bearing 
olivine-dolerites (see Chapter VIII). 
The hydrated silicate alteration product of the titanaugite 
and the hornblende presumably has a high magnesium-calcium ratio 
since most of the calcium in the rock is required to form calcite, 
nur= 1.658 (± 0.002), with the large"proportion of carbon-dioxide 
.Present. Some ferrous iron may be contained my the alteration 
product, but again, mos-t of this element is probably located, 
together with titanium, in the abundant leucoxene grains. Some 
altetation product in the form of a calcite may however, be inter-
mixed with the hydrated mafic cieyptocrystalline aggregate. The 
I 
water content of sample 17, though higher than in sample 14, is 
somewhat re~ced compared with that of sample 282. This feature can 
in part be explained by a greater extent of calcite replacement of 
the hydrated alteration products of the mafic minerals in sample 17. 
A few large plagioclase laths are recognisable in sample 17, 
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and are particularly ~requent in ocellar areas together with large 
patches o~ calcite. Their distinctiveness may be related to the 
small degree o~ textural dmsintegration in mineralised camptonites 
and also possibly to the resistance o~ camptonites to weathering (c.f. 
strongly mineralised dolerites). Powdered ~ragments o~ the 
plagioclase have n2 = 1.528-1.541 (± 0.002), corresponding to 
An1_25 while a large number o~ recognisable ~eldspar grains have n = 
1.520-1.526 (± 0.002) and must therefore be potash feldspar. 
The appearance o~ free orthoclase simultaneous with almost 
complete albitisation o~ the plagioclase as a result of strong 
mineralisation was found in only one other mineralised basic dyke 
(see Chapter VIII). In both cases, the orthoclase has almost 
certainly formed as a result of the income o~ a large amount o~ 
potassium, the amount of which in the present instance is same 400 
per cent greater than in the rresh rock (see Table 9.8). Anorthite 
is notably absent from the normative feldspar. It is unlikely 
that more than 20 per cent of the normative quantity o~ orthoclase 
is actually.present in the rock. Associated with the feldspars in 
thin section· are clay minerals, possibly of potassic typer,: Vlh ich may 
actually account for some of the remaining potassium. 
Large patches of calcite are common in sample 17. Some may 
represent original olivine pseudomorphs and others areas of analcite 
and chlorite in former ocelli. A few small pieces of isotropic 
zeolite have remained unaltered. Compared with sample 282, there 
has not been a great increase in the amount of carbon-dioxide. 
The gradi~nts of mineralisation as represented by changes in the 
alkali ratios and the carbon-dioxide values between the three 
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analysed rocks_ are not rectilinear (see fig. 9.16). The calcium 
content of sample 17 is virtually identical with that of the other 
analysed samples, i.e., the activity of the mineralising fluids has 
not brought about a net addition of calcium to the camptonite from 
the mineral vein. The dyke is notably of restricted outcrop ~d is 
cut, rather than followed by the mineral vein. In the case of the 
Garbh Bheinn olivine-dolerites, the vein runs parallel with the 
dykes for some distance and there has been an addition of calcium 
during mineralisation. The inference may be drawn that addition of 
calcium during mineralisation is dependent largely upon the mode of 
mineralisation (for further discussion, see Chapter VII). In the 
present instance, the absence of carbonates other than calcite, the 
vein carbonate, may also be attributed to the latter factor in that 
interaction between the camptonite and the mineralising fluids has 
been restricted to a comparatively small volume of rock. However, 
investigation of occurrences of m~neralised basic dykes similar to 
that under description has revealed a limited development of mixed 
carbonates as a result of mineralisation (see Chapter VIII). 
The opaque minerals of sample 17 are in the main leucoxene, 
concentrated particftlarly in the titanaugite-hornblende pseudomorp~g 
materials, together with small amounts of sulphide. Alteration 
of the hornblende in sample 17 has been accompanied by the separation 
of iron and titanium to form leucoxene, in the same way as alteration 
of the titanaugite took place in sample 282. The amount of titanium 
in sample 17 is unable to account for all the non~sulphide opaque 
mineral present as leucoxene in the form of titanium dioxide, the 
composition normally given for leucoxene (Winchell and Winchell 19Dl, 
64). 
- 231 -
Ill 
t:.l 
lJ 
)( 
0 
-c 
t:.l 
u 
44 j 
43 
42 
15 
14 
13 
12 
11 
10 
9 
8 
.... 7 
t:.l 
0. 
6 
5 
4 
3 
2 
0 
0·5 ~ 0·4 
0-3 
0·2 
0·1 
0 
·-------Si 02------·----
---------- CaO ------·~ 
A-t go 
··----------P20s____. 5 _: 
::: ====~Mtr:Jnt.OO~=--~========:==---. 
2 3 4 5 
per cent C02 
6 
N 
CIO 
N 
7 
PIG. 9.I6.- Chemtcal changes dnrinr•: the 
mineralisation of cEJmntonite 
8 
c 
t:.l 
> 
nl 
.... 
t:.l 
c 
E 
·A considerable amount of ferrous iron is probably combined with the 
available titanium as leucoxene. Due to the almost entire removal 
of ferric iron during mineralisation, magnetite is virtually absent 
from the norm. The manganese content of sample 14, possibly 
located in part in magnetite, is greatly reduced in sample 17 and 
therefore not combined in the opaque mineral grains. The decrease 
of manganese during the mineralisation process (see fig. 9.16) was 
not found in other cases of mineralisation and may be due to 
diffe~~nces of original composition between the three analysed samples. 
The latter factor may also account for slight differences in silicon, 
aluminium,_ titanium and phosphorus between the three analyses. The 
chemical data for sample 17 provides further evidence of the introduc-
tion of sulphur during the mineralisation process. A few crystals of 
pyr~te are distinct in polished section. 
Throughout the body of sample 17 there are large amounts of fine~ 
grained carbonate intermixed with a pale green ferromagnesian 
alteration product, in an association similar to that tentatively 
deduced for the composition of the mafite pseudomorphs. The 
appreciable amount of barium present in sample 17 is due to pene-
tration of the rock by a few small veinlets of barytes, in addition 
to several consisting of calcite (see fig. 9.15). There is no 
evidence however, of any metasomatic replacement between barytes and 
the original minerals of the sample. The presence of barytes in 
sample 17 accounts for most of the sulphur present and also, compared 
with sample 282, for the greater specific gravity of the rock. 
Although free quartz appears in the norm of sample 17, 
secondary silica was not detected as an alteration product. Some 
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amounts of water. The elements' appear to be of truly epigenetic 
origin, introduced to their present position in dyke-rock at the 
edges of the mineral vein by hydrothermal solutions. The latter 
have also removed large quantities of iron, magnesium and sodium 
from the rock. Other minor differences in chemical composition 
between the three rocks are att-ributed to variation in original 
composition, although the petrographical evidence suggests that 
since the samples are situated centrally in the dyke, this factor 
is probably of little significance. 
The minerals of the dyke may be arranged in the following 
sequence in order of decreasing susceptibility to mineralisation: 
bowlingite, titanaugite, analcite, plagioclase, chlorite, magnetite-
ilmenite, brown hornblende, biotite. Apatite and fibrous zeolites 
appear ~o have remaned unaltered during the mineralisation process 
whilst new minerals formed include orthoclase and sulphide in 
addition to the com.1.nonly :found carbonate (in this case only calcite), 
serpentine, clay minerals, chalcedonic silica and leucoxene. Barytes 
veining has occurred at a late stage. The degree of textural 
disintegration which'has taken pll:,lce during mineralisation is much 
smaller than in dolerites mineralised to the same extent. 
Weak carbonate mineralisation has taken place along a crush 
zone exposed in the lower course of Alt Feith 'n Amean (see fig. ~3). 
A group of camPtonite dykes outcropping across thee rush zone were 
probably intruded after the main period of movement, but minor 
lateral movements of post-dyke age have brought about sinistral 
dislocations of the dylces at a date preceding the mineralisation. 
The dislocation follows the northernmost dykes (660 and 661) which 
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are closely jointed, veined by carbonate and rather weathered. 
Hornblende and biotite occurring in the ocelli of sample 660 have 
been preserved from alteration, but in sample 661, the first is 
pseudomorphed in green chlorite and magnetite-ilmenite grains. The 
clinopyroxene of both samples are altered in the same way, The 
southermaost dyke of the group is sheared and strongly mineralised 
along its centre (sample 682) in a direction at right~angles to the 
adjacent crush zone. In marginal rock (sample 683, see Table 9.2), 
olivine occurs unaltered. The original clinopyroxene grains of 
sample 682 are probably represented by vaguely defined assemblages 
of leucoxene grains and carbonate crystalloids in the present rock. 
Large olivine pseudomorphs in brown chlorite and crystalline 
carbonate sometimes contain crystals of pyrite. Only the smaller 
opaque oxide grains of the rock have been converted to leucoxene. 
Brovm hornblende is subsidiary.to a small amount of biotite flakes, 
the .interference colours of which are mottled probably due to losses 
of iron during mineralisation. Orange-coloured alteration products 
largely veil the outlines of original feldspar laths, but polysyn-
thetic twinning can sometimes be d,etected. Coarsely crystalline 
calcite veinlets cut all the other minerals of the rock. 
impregnation has obviously taken place before injection. 
Carbonate 
Since the 
veinlets occur in ndnor shear planes in the dy~e, it is possible 
that the post-dyke movements took place between the two stages of 
carbonate mineralisation. Alternatively, metasomatic transfer of 
carbonate along shear planes in the dyke may have been followed by 
a more important income of fluids rich in carbon-dioxide. 
The sheared ends of camptonite dyke 569 exposed in Allt a~Chait 
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(see fig. 8.6) are impregnated by carbonate which also occurs in 
the crushed quartzite of the dislocation followed by the stream. 
As in the instance described above, the dyke probably intruded the 
crushed rock of the pre-existing fault line which on re-opening at 
a date preceding or concomitant with the. mineralisation, brought 
about a minor sinistral dislocation of the dyke. The degree of 
weathering of the mineralised rock makes its identification difficult. 
ca.re~iJtds,e:dl. bowlingite pseudomorphs after olivine are most readily 
recognisable in the mineralise~ srunples (563, 565, 567). Camptonite 
dyke 593 outcropping in the lower course of Allt a 'Chait may owe 
the partial replacement of bowlingite by carbonate in olivine 
pseudomorphs to weak mineralisation associated with the same 
dislocation. The latter in this case is however, ::orne distance 
from the dyke outcrop (see fig. 8.6). 
The old miners seem to nave suspected mineralisation along 
camp toni te dyke 107, since a tunnel has been made in to the dyke 
in the left bank of the Garabh All t. Carbonate occurs as veinlets 
and joint coatings in the dyke-rock but only the bowlingite 
pseudomorphs are altered (to carbonate) to any extent. The same 
effect can be seen in camptonite dyke 302 which occurs near a 
partly mineralised dolerite in the middle course of Allt nan Cailleach 
The probable extension of the same dylce downstream ( 204) is sheared 
and weathered, the alteration of clinopyroxene to chlorite not 
necessarily indicating mineralisation. 
It is very notable that carnptonite dykes occurring on the 
strike continuation of the Garbh Bheinn mineralised dolerites on 
either side of Coire an Iubhair show little evidence of accompanying 
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mineralisation. Despite strong veining of carbonate along marginal 
and internal shear lines in carnptonite dyke 1087 exposed near Achleek, 
mineralisation of the rock has been limited to moderate replacement 
of bowlingite by carbonate in the olivine pseudomorphs. 
The mineralisation of carnptonite dyke 1075, occurring along a 
joint plane in quartz-dolerite of Camasinas boss (see fig. 9.4), 
has been restri.eted to a horse of quartzitic rock along the centre 
of the dyke. Carbonate in the oc~lli of marginal rock (1050) of 
camPtonite 1051, occurring in the· same way in Gortenfern boss (see 
fig. 9.6) forms nearly 10 per cent of the rock by volume. Although 
post-dyke movement has not taken place in this case, mineralising 
fluids containing carbon-dioxide may have risen along the well 
defined joint planes of the boss (see also Chapter V). The partial 
mineralisation of dykes 497, 820 and 706 have been discussed in 
previous sections. 
From the above descriptions, it can be seen that the 
mineralisation of camptonite dykes is largely restricted to cases 
where some dislocation of post-dyke age has taken place. Even here, 
mineralisation of c·amptonite rock is limited( (but for three of four 
instances) to the partial conversion of bowlingite in the olivine 
pseudomorphs to carbonate. Such carbonate replacement alternatively 
may be related in part at least, to the activity of late-crystallizing 
intra-magmatic fluids. 
Age-relationships. - Although most of the dykes included in the 
present group are true lamprophyres of the augite-carnptonite and 
hornblende-camptonite classes, some are doleritic and others 
monchiquitic in character. The age-relationships of the canptonites, 
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monchiquites and camptonitic dolerites of the Loch Sunart area, and 
also of the Monar distriet (Ramsay 1955), are inseparable. 
Typical carnptonite dykes exposed near Loch Sunart post-date two 
quartz-dolerite bosses (see figs. 9.4, 9.6 and 9.7) and a dyke of 
hornblende-bearing olivine-dolerite (see figs. 9.6 and 9.10) in the 
Salen area. The latter occurrence implies that the camptonite-
monchiquite group is of later age than the olivine-dolerite group. 
Ramsay (op.cit~ on the other hand, has found that rock~types of both 
groups occur in composite dykes. The variation in the age-relation 
ships displayed by members of the w. Highland Permo-Carboniferous 
dyke swarm occurring in the Salen and Monar districts is difficult 
to account for and the problem requires further investigation of 
intenaediate areas. 
The camptonite dykes are demonstrably of pre-mineralisation age 
and also ante-date a period of transcurrent faulting and re-opening 
of posthumous fault lines which took place before the epigenetic 
lead-zinc mineralisation. Evidence of the faulting of camptonites 
of thew. Highland area has also.been found by Leedal (1951). The 
c:amptonite dykes of thew •. Highlands are the latest set of intrusions 
of Permo-Carboniferous age which have been mineralised. Mineralisa-
tion of the same type as in the Loch Sunart area is found in many 
districts of Britain where Dunham (1952) has assigned the age of the 
mineralisation to a Hercynian period. Richey (1939) and MacGregor 
(1948) have concluded that the cam;ptonite-monchiquite suite of 
intrusions in Scotland is of Permian or late Carboniferous age. 
One of the Loch Sunart crunptonites is cut by a post-mineralisa-
tion olivine-dolerite dyke, the Bellsgrove-An Terra Ban dyke of 
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probable Tertiary age, and a quartz-dolerite dyke or the same general 
age swings on to the strike of one of the camptonites exposed near 
Sal en. 
MONCHIQUITE DYKES 
Occurrence. - Within the area mapped, only six isolated dykes of 
monchiquite were round. The dykes are restricted to 2 square 
miles of country which includes Scotstown, Anaheilt and the western 
slopes of Druim Liath Ard. 
Two of the dykes are exposed in the middle course of Allt na 
Meinne (332880). One of them (342) has intruded a vertical joint 
plane in the tonalite which appears to completely surround the 
small outcrop (see Table 9.9). The second dyke (346) runs parallel 
with the first and lies in approximate strike, continuation with 
a monchiquite dyke (825) exposed in the crags of An Terra Ban on the 
south side of the strontian River (350867). The latter dyke 
outcrops for a distance o~ more than 300 feet down the hillside. 
The analysed sample (825) was taken from the most westerly point of 
outcrop. In ~urn sub-parallel with dyke 825 is another monchiquite 
(817) exposed in the upper course of Allt an Fhasaidh (352860). 
DYkes 825 and 817 are conceivably the southwestern continuations of 
dykes 342 and 346. Monchiquite 1101 runs parallel with W.N.W. 
trending dykes of dolerite in the hil],.side above Anaheilt (322862) 
wh~lst monchiquite 1104 has approximately the same trend as nearby 
camptonites· and camponitic dolerites in the Allt nan Cailleach 
dyke (320868). 
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TABLE 9.9*- Field data for Permo-Carboniferous monchiquite dykes 
exposed near Strontian. 
Width(ft.) Length(ft.) Area(sq.ft.) Trend(deg.) Elevation( ft. 2 
f:Y..:_ Range • Exp. Unex;p. Exp. UneX,l). ~Range. Min. Max. 
(a) Individual dylces. 
342 2 10 20 N70W 410 
346 3 5 . 100 15 300 N70W 360 
817 3 100 400 300 1200 N70W 900 
825 l:l: 300 400 380 500 N60W 450 650 
1101 4 30 70 120 210 N70W 280 
1104 5 10 50 50 250 N80W 440 
(b) Averages and totals 
6 3 1-,k-5 455 1020 885 2460 N70W 280-900 
dykes (total width (total probable 
about 18 ft. ) area 3,000 sq.ft). 
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Only three of the monchiQuites are followed by streruns. Hand 
specimens are compact and fresh in appearance. The dykes do not 
occur in significant contact relationships with other intrusive types 
in the area and there is no sign of associated mineralisation. The 
si% dykes all intrude rocks of the central part of the Strontian 
Granite north of Loch Sunart. 
Two dykes of rnonchiQuite were found in the Gortenfern district 
(see fig. 9.6). One (1052) cuts a Quartz-dolerite boss (see fig. 
9.8) and the other (1053, 1057) runs along the centre of a dyke of 
hornblende-bearing olivine-dolerite (see fig. 9.9~. In each case, 
parallel dykes of camptonite exhibit similar field relationships. 
The monchiquites of the Loch Sunart and Salen areaqnever occur 
as volcanic vents as have been found in neighbouring Inverness-shire 
(MacGregor 1948, 138; Hartley and Leedal 1951; Johnstone and 
Wright 1951). 
Petrography. - The monchiquite dykes of the Loch Sunart areas are 
_fresh dense, black, fine to small-grained rocks, usually porphyritic 
and sometimes amygdaloidal. 
In the outline system of classification stated in Table 3.1, 
all the moded monchiquites listed in Table 9.10 fall within the 
augite-monchiquite field. Olivine (or its pseudomorphs) is the 
second most impprtant mafic mineral in all but dyke 1053. Brown 
hornblende occurs in accessory quantities in three of the eight 
dykes and in one instance (817), is exceeded by biotite. 
Recognisable plagioclase was found in only two dykes. The mafic 
minerals are characteristically automorphic and bot~ clinopyroxene. 
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and olivine pceu:Eo:as:cphenocrysts in most of the dykes. Together 
with numerous opaque minerals, they are set in a structureless, 
isotropic base largely altered to minute flecks of green chlorite 
and a little carbonate. 
The characteristics of the base can best be seen in ocelli, 
usually less than 1 mm. across and only moderately common in most 
of the dykes. Small hornblende prisms, thin and weakly ~~aochroic, 
are concentrated in the ocelli, but unlike the camptonites, the 
analcite which is recognisable in monchiquites occurs as patches, 
usually with ragged edges against surrounding rock (the clear areas 
of fig. 9.17). Tiny biotite flakes take the place of the hornblende 
and the outlines of some feldspar grains can occasionally be seen 
in the ocelli of dyke 817. The ocelli of a fine-grained monchiquite 
(1052) are very weakly developed. Analcite-filled vesicles do not 
coincide with the ocelli but concentrates of hornblende sometimes 
occur at their rims. In general, the ocelli of the sectioned 
monchiquites do not contain the late-crystallizing mineral assemblages 
of the camptonites but·represent well-defined clearings among the 
mafic and opaque minerals in which the glassy, partly devitrified base 
predominates. Determination of the chemical characteristics of the 
base of this group of dykes has not been made. 
The pyroxene of the monchiquites is a purplish-tinged, brown, 
pleochroic clinopyroxene which usually occurs in two distinct 
generations. The development of phenpcrysts is at a maximum in 
dyke 346, where half of the pyroxene is porphyritic individual 
crystals reaching dimensions of 4 x 3 mm. Pieces of a greenish 
pyroxene with a small extiThcition~le lie in optical continuity, 
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TABLE 9 .10. - Mineral camuosition of 
:Dyke No. ~ 342 346 817 825 1052 --.LVOv ...... - ' ,~. GrouE· Sample No. l0531-}~o ~ ~ . 1101 1104 Av. Range. 
Plagioclase 3.0 
~ :~.,, .. '-'4 I • . ·~ 
0.8 0-4 
- - - -
4 .o - , -~~;o 
- -Altered base 17.~ 23 . 4 26 .7 19.7 17.0 17 • 0 I ~9 , ,, :~:·g~ '• i 13.6 20.6 20.2 14-29 
Clinopyroxene phenocrysts 
-
23.7 2.9 2.0 
- 5 2 ' ' . ' ·~~ ~~ - 3.8 4 .1 0-24 . . ... _' .,., _':' . 
Clinopyroxene in matrix 41.9 23. 4x 35 . 4 44.9 45.1 ~T~ 39 . 5 35 . 4 38.1 23 .45 36. o i<liJ·6 •1 Olivine pseudomorphs 17.1 17.6 12.9 15.lx 6 . 2 11. 0 ' ;~~ ·. :,~.t ,, ./' 17.9 12.4 12.3 1-18 Brown hornblende 2. 2 3.0 2.0 7.4 17.2 11 2 I ~-YD.i . • 14.1 11.0 8 . 5 2-17 . ~ ~ •· '· .Opaque minerals 13. 6 2.7 14.2 10.1 8.0 6. 8 ·[~ ;~~~· 11 . 8 6. 8 9.5 3-14 
Biotite 1.1 1.7 5. 9 
- -
,...., .. ,. ·a 
- -
1.0 0-6 - ·r ~ .  • . ... : 
Apatite, fibrous zeolites tr. tr. tr. tr. tr. 2.0 ~ ~~ . ' ri~~ tr. 2.0 0.7 0-2 
Analcite patches 4 .8 
- - -
6. 5 2 .0 , ~t· ~ ~· 3.1 8.0 3.0 0-8 
.Amygdales 1.6 - - 0.8 - 4 . 8 ··!#~_,. ·J . - 1.8 0-5 Quartz phenocrysts 1.5 •. ~·" 't ·a;.>.'i'j - - o-2 - - - - - 1 \":l~ ~1' ·~.;, ~ -;:,"""''' . ' .l.;.r,'·· J , ··~ 
Per cent mafics 75.9 72.1 73.3 79.5 76.5 '7o _ ?. , h?. _ ·joo.VZ 77.9 69 .4 73.0 62-80 
Av. diam. (max.) 
•. ~~.. ~r.:rR)"'' ' of olivines, mm. 0.4 1.5 0.4 0.5 0.3 0.4 r •.. 1 oi0( I.··, . • ".4 0.5 0.4 0.6 0.3-1.5 
x olivine mainly unaltered 
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et-J.ong·~_thELlOleavages of one phenocryst in sample 346 (see fig. 9.18). 
The thin section optics of the matrical clinopyroxene are s~ilar 
to those of the phenocrysts. Grain edges are commonly zoned with 
more colourless clinopyroxene central to the grains. Hour-~lass 
structure can fre~uently be seen. Hornblende seldom mantle~ the 
small clinopyroxenes and is never associated with the phenocrysts. 
The clinopyroxene of sample 825 has the following optics: 
Colour: pale purplish-brown, weakly pleochroic; ¥Ac = 45° 
(maximum of 6 readings); n~ about 1.691, n~ Ebout 1.721; 
nr- noe.about 0.030; 2V(+) abmut 50°; approximate composition 
Ca4ol'Y1g4oFe.20(Hess 1949, Plate ID~. 
Olivine is usually completely pseudomorphed in green fibrous 
bowlingite but some of the larger crystals of samples 346 and 825 
are only fringed and veined by bowlingite (see fig. 9.18). The 
fresh olJ.vines of both samples have 2V(+) = 85-90° (measurecl,on the 
? 
Universal stage) and in the latter instance, n~ = 1.694 C± 0~002) 
and therefore a composition of about Fa12 (Winchell and Winchell 
1951, 500) 0 Powdered fragments of the bowlingite fibres 
pseudomorphing the olivine of sample 825 have no<.= 1. 551 ( :t 0. 002). 
The paragenetic relationships developed between the clinopyrGxene 
and olivine phenocrysts of soo1ple 346 (see fig. 9.18) suggest the 
later formation of the clinopyroxene. 
Prisms of brown hornblende occurring in the ,monchiquite~ave 
the general appearance and low extinction angle cy~c = 11-13°) of 
the hornblende of cmaptonites. They are usually clustered in the 
ocellar areas and seldom mantle the clinopyroxene. The hornblende 
was aJ..most certainly a late-crystallizing product of the eyl{e-forming 
. 
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magrna. Small biotite flal<:es are most common in sampg.e 817 where 
they usually border the ocellar areas. They are pleochroic from 
OC., pale yellovv to.~, deep brown and tiny iron oxide grains border 
their edges. The biotite and hornblende of sample 346 often occur 
nearby grains of magnetite-ilmenite., Opaque minerals are common 
in ~ost n1onchiquites (see Table 9.10) forrning small xenomorphic 
grains grading to iron oxide 11 dust 11 , and are evenly distributed 
throughout the non-ocellar parts of the rocks (see fig. 9.17). 
Tiny specks of sulphide mineral are c omrnon in sample 825. Minute 
fibres of apatite .ol" zeolite are usually profuse in the altered base 
but their proportions are difficult to estimate in modal counts. 
Crystalline patches of analcite, n = 1.487 (+ 0.002) in sample 825, 
present in most of the monchiquites are strictly neither ocellar 
nor amygdaloidal in character, in the same way as small patches of 
crystalline carbonate, nr,.r= 1.658 C± 0.002) corresponding to calcite 
in sample 825. In a few cases (see Table 9.3.10) some carbonate 
and fibrous chlorite form amygdales. A qual"t z-feldspar xenolith 
(probably tonalite) in sample 825 has a corroded rim against the 
monchiqui te. A large patch of quartz in sample 346 is disin:tegrated 
and cut by a veinlet of chlorite and surrounded by clusters of 
clinopyroxene grains (c.f. fig. 3.1). Like the xenolith, it is 
probably of extraneous origin. 
Compared with the car@tonites, (see Table 9.2) the monchiquites 
contain considerably rnore clinopyroxene and much less hoi•nblende. 
Plagioclase in the camptonites is largely replaced by a glassy base 
in the monchiquites but the content of mafic minerals in the latter 
is about 10 per cent greater than in the former. The specific 
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gravity of monchiquite 825 (see Table 9.11) slightly exceeds that 
of camptonite 14 (see Table 9.8). The altered glassy base of 
the monchiquites is found in reduced quantity in several camptonites 
and the proportion of ocellar analcite in some camptonites (see 
Table 9. 2) overlaps w!ithot.hectotaiLca.ID.a:tcite content of certain 
monchiquites, (assuming that the base of the monchiQuites was 
originally analcite). The petrographical and textural character-
istics of the minerals c ormnon to both types of lamprophyre are 
virtually identical but in the monchiquites:,_ the development of 
ocellar areas is less marked. 
Chemistry. - An analysis of a monchiquite (825) is given in 
Table 9.11. The roclc is Ne~y undersaturated and rich in iron, 
magnesium and calciUJn as a result of the presence of nearly 80 
per cent of mafic minerals (including opaq~e oxides). Olivine is 
therefore an important nonnative mineral. Both sodium and potassium 
occur in appreciable quantities in the rock and account for the 
considerable content of normative fe.ldspar. Presumably they are 
mainly located in the glassy base. Phosphorus is very low in 
amount, implying that there is very little apatite in the rock. Most 
of the titanium together with small amounts of manganese and possibly 
zirconium are probably present in the clinopyroxene and hornblende. 
Some ilmenite may nevertheless be present in the rock. The large 
amount of water in the analysis suggests that the material of tbe 
glassy base is possibly hydrated, although much of the water is 
Pequired to form the bowlingite and small amounts of analcite in the 
rock. A large amount of sulphur occurs in the analysis. 
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TABLE 9.11. - Chemical analysis and norm of monchiquite 825. 
CHEMICAL ANALYSIS 
40.3 
13.8 
4.1 
8.5 
10.7 
10.8 
2.1 
1.0 
3.3 
1.2 
2.5 
0.14 
0.23 
tr. 
0.04 
1.2 
1.03 
Total(O for 100.68 
S accounted 
for). 
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C.I.P.W. NORM 
or 6.1 
ab 17.3 
an 25.0 
ne 0.3 
wo 8.5 
a1 21.8 
mt 6.0 
i1 4-.7 
PY 3.8 
ap 0.3 
cc 2.7 
zr 0.1 
C.I.P.W. Symbol III.5.4.4. 
Normative feldspar Or13Ab35An52 Normative pyroxene Wo100 
Sp. Gr. 2.96 
Comparable analyses of six monchiqui te dykes of probable Permo-
Carboniferous age occurring in Argyllshire, on Colonsay and in the 
Orl~eys have been conveniently sw~arised by Guppy and Thomas 
(1931, 89-90: anals. 343, 344) and by Guppy and Sabine (1956, 32-33: 
anals. 714-717). Compared with the present example, the Orkney 
dykes, some of which are biotite-monchiquites, possess larger amounts 
of calcium, magnesium, potassium and phosphorus and smaller proportimE 
of silicon and sodiurn. The Ardmucknish ri10nchiquite is rich in 
sodium,. due to the presence of anorthoclase, whilst the analysis 
of the Kilchattan dyke, which contains nepheline, shows a much 
higher potassium value than the Loch Sunart example. 
Mineralisation. - No instance was found of the mineralisation of 
a monchiquite dyke in the Loch Sunart area. Like the camptonites, 
the monchiquites are fresh rocks compared with the Permo-Carboniferous 
dolerites. The monchiquite dyke intruded along the centre of a 
mineralised dolerite dyke at Gortenfern (see figs. 9.6 and 9.9) has 
been completely resistant to the carbonat€w±m.pregnation. 
Age-relationships. - The monchiquite dykes found within the area 
mapped give no evidence of their age-relationships with other Permo-
Carboniferous dykes and are not demonstrably of post-mineralisation 
age. However, at Gortenfern (see fig. 9.6), dykes o:t' monchiquite 
post-date a dyke of hornblende-bearing olivine-dolerite and a 
quartz-dolerite boss, both probable Permo-Carboniferous intrusions 
of pre-mineralisation age ~nd strike in the same direction as nearby 
dykes of cmnptnnite. The monchiquites are close petrological 
relatives of the camptonites but the two groups are nevertheless 
- 248 -
distinctive. The average trend of the monchiquites (see Table 9.9) 
corresponds with the trends of other probable Permo-Carboniferous 
dykes. 
The w. Highland camptonite-monchiquite dyke swarm has long been 
recognised as a distinct unit, (Richey 1939), in which the component 
dykes were intruded at much the same time. However, upon the basis 
of the geographical distribution and average trends of similar dykes 
from the Orkney Islands, Flett (1935, 174) has suggeBted that the 
camptonites and monchiquites may represent separate groups of 
intrusions. The.· Central scottish camptoni te and monchiqui te 
intrusions have inseparable age-relationships and in places, post-
date Coal Measures. They have been assigned to a period of early 
Permian or late Carboniferous volcanism (MacGregor 1948). 
Leedal (1951) has recently described certain camptonites and 
monchiqui tes of the w. Highland dylce swarm which are transcurrently 
faulted. Similar faulting in the Loch Sunart area has taken place 
in the interval between the intrusion of the crunptonites and the 
date of mineralisation. The absence of mineralisation from the 
Loch Sunart monchiquites is probably in part fortuitous and in part 
a result of' the factors of' their field occurrence. There is little 
doubt that the monchiquites are of pre-mineralisation age and that 
they were intruded at much the same time as the camptonites after 
the intrusion of all the other Permo-Carboniferous dylces (with the 
possible exception of the ca~tonitic dolerites). 
A more precise date has been given to the intrusion of' the w. 
Highland camptonite-monchiquite suite by urry and Holmes (1941) who, 
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on the basis of heldnhm.l age determinations on the Kilchattan 
(Colonsay) monchiquite, obtained a value corresponding to the late 
Carboniferous or early Permiano 
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CHAPTER X 
STRUCTURAL CHARACTERISTICS OF TEE LOCH SUN.ART AREA 
1'WJ!OR FOLDS 
The repetition of quartzite horizons on east and west sides of 
the "pelitic schist" running north from Glen Tarbert has been 
tentatively interpreted by Bailey and Maufe {1916, 85) as a fold 
structure. This view is supported by Harry (1953, 291) who has 
suggested that the fold is a sharp anticline, trending east of north 
and pitching southwards 9 The western flank of the anticline has 
been intruded by the northern part of the Strontian Granitic 6omplex. 
The dykes of the Bellsgrove-Inversanda dyke system cross the anti-
clinal structure at an oblique angle without any appreciable · 
variation in trend. 
The schists of the Ben Resipol area (see Plate I) are recognised 
as the steeply inclined roots of a series of closely packed isoclinal 
fOlds. Isoclinal folding characterisescthe Moine rocks over most 
of the area between Strontian and Salen. Pre-~ranite hornblende 
schist bands and lsmprophyre sheets usually follow foliation planes 
which co$ncide with the strike of the fold planes. The intrusion of 
later basic dykes does not appear to have been affected by structural 
features of this type, e.g., the strong foliation of the Moine rocks 
on the west side of the Strontian Granite is cut by numerous dykes 
of dolerite and camptonite. 
FAULTS AND RELATED 'STRUCTURES 
Faults of Caledonian or earlier age. - A number of fault lines, 
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marked by crushing or shearing o~ country-rocks o~ granite or gneiss, 
are intruded by undisturbed dykes o~ probable Permo-Carboni~erous age 
and may therefore be assigned to an earlier period of movement, 
probably late Caledonian, post-dating the intrusion o~ ~elsites and 
early lamprophyres. It is ~ite possible that some ~ault lines in 
Moine rocks may have originated before the intrusion of the Strontian 
Granite, and that a phase o~ movement also ~ook place ~ter emplace-
ment o~ the Granite but before intrusion of dykes o~ probable Devonian 
age. 
Strongly crushed minette dykes are exposed in two places in the 
Coire nan Capull district. Imbricate structure is developed in the 
Allt Coire nan Capull dyke and neighbouring country-rocks are 
mylonitised. Associated sulphide mineralisation in crushed quartzite 
at the edge o~ the dyke, although probably post-dating intrusion o~ 
the lamprophyre, may have occurred before faulting of the dyke. 
The la~ter may have been brought about by a re-opening o~ the ~ault 
line which was intruded by the lamprophyre. This occurrence is of 
significance in assessing the age of the sulphide mineralisation and 
in portraying periods o~ movement both be~ore and a~ter the intrusion 
of a dyke of probable Devonian age. The post-dyke movement may be 
either of late Caledonian or Hercynian_. age. Sulphide mineralisation 
is also associated with a sheared pre-foliation lampropbyre exposed 
at Rudha Aird Beithe, near Salen. The movement in this case may 
be either of pre- or post-~ranite age. 
Evidence has been adduced to show that intrusion of the dykes of 
the Bellsgrove-Inversanda dyke system, more than six miles in length, 
was probably related to a pre-existing major dislocation. The 
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dislocation appears to be of very complex character at certain points 
where the change-over from quartz-dolerite to olivine-dolerite has 
taken place. The presence at these localities of numerous, sub-
parallel dislocations, sometimes of divergent trend, is suggested 
(see figs. 5.8, 5.9 and 7.3). The eastward continuation of this 
important structural feature towards the shore of Loch Li~e has 
favoured the intrusion of camptonite dykes. If the dislocation was 
ini~iated by the srune (or an earlier) set of movements as those which 
~ve rise to the Great Glen fault system (Kennedy 1946), it is 
possible that its eastward continuation may be recognised in the 
country-rocks on the east side of the Foyers "Granite". However, 
no mention of such a fracture has been made by Pechin Mould (1946) 
in her description of the Foyers area. 
A north running crush zone in quartzite is magnificently exposed 
in the middle course,3of Allt a' Chait (see fig. 10 .. 1). Permo-
Carboniferous dykes intrude the crushed rock and are therefore of 
later age than the main movements (see fig. 10 .. 2). The Allt a 
tohoire Dhuibh dykes are re~atively undisturbed in country-rocks of 
brecciated tonalite. Crushed gneisses in the middle course of 
Amhainn Coir' an Iubhair are cleanly cut by dykes of probable Permo-
Carboniferous age. Similar dykes have bee~ injected through 
disturbed Moine rocks in the middle course of Allt Coire an t-Suidhe 
and in the first left bank tributary of Allt Feith 'n Amean. 
The dyke followed by the Strontian Main Vein obviously post-dates 
the severe shearing of gneisses at the northern margin of the 
Strontian Granite but it is not clear if the fault line was initiated 
before or after emplacement of the ~anite. It is possible that 
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same movement took place along a fault line exposed in the lower 
course of Allt Feith 'n Amean before the intrusion of a suite of 
camptonite dykes, affected by later movements along the site of the 
crush belt. There are suggestion~ of fractures of Caledonian age 
in the vicinity of the quartz-dolerite bosses. Bellsgrove Loch Boss 
may have been intruded along the northern edge of the Strontian 
Granite which at the present level of exposure, is almost vertical. 
The site of Longrigg boss may have been controlled by fractures at 
the N.W. contact of granodiorite and tonalite in the Strontian Granita 
A few lines of fracture are free of Penna-Carboniferous dykes. 
crush belts of N.N.E. trend in gneisses on the east side of Coire a 
Choithruim are weakly mineralised. Shearing has tru{en place along 
hornblende schist bands and pre~foliation lrunpropbyres representing 
incompetent horizons in the schists of the Salen district. An 
llnportant fracture of definite post-,~anite age exposed in the middle 
course of Allt nan Cailleach runs N.N.E. and is mineralised (see fig. 
10.4). It is possible that this fault line was initiated at a late 
Caledonian date and re-opened before mineralisation (perhaps after 
Per.mo-Carboniferous dyke intrusion~ A similar sequence of events 
may account for the location of the Ar.mstrong Vein at Whitesmith 
.Mine in a belt of strongly sheal..,ed gneisses. Moine schists in the 
upper course of ~lt Meall an-t Slugain are very strongly crushed. 
A sheared and mineralised Permo-Carboniferous dolerite dyke along 
the fault line indicates that some movement certainly took place 
after its intrusion, but possibly the major movement occurred at a 
late Caledonian or pre-~ranite date. A marked feature along the 
west side of Coire an t-Suidhe probably marks the continuation of 
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FIG. 16.1.- Crush zone in quartzite and ps itic gneiss 
followed southwards by Allt a ' Cbait (386848) . 
FIG. 10.2. - Dolerite dykes intruded irregular~ throu h 
crushed quartzite, later minor faulting, along Allt a ' Cbait . 
the fault line. 
Fault lines of probable Caledonian (or earlier) age have been 
important controls in the intrusion of Perrao-Carboniferous dykes and 
bosses and subsequently of mineralisation. ' .. Where they are 
intruded obliquely by the dykes, they have usually provided sites 
more favourable to mineralisation than the dykes. Some fractures 
not intruded by dykes are also important locales of mineralisation. 
It is notable that crush zones are more common in Moine rocks than 
in rocks of the Strontian Granite, signifying that one or more 
periods of movement may have taken place before intrusion of the 
~ranite. 
Faults of probable Herc~an age. - A large number of the Loch 
Sunart dykes of probable Permo-Carboniferous age are affected by 
subsequent movements. Post~mineralisation dykes are never moved 
by faults so that it may be assumed that the faulting took place in 
the interval between the Per.m~niferous and Tertiary dyke phases. 
Most of the faults are mineralised to some extent but the age of the 
mineralisation can only be placed within the same broad interval, 
early Permian to early Tertiary, despite the prevalent view that the 
British epigenetic lead-zinc mineralisation is of Hercynian age 
(Dunham 1952). In a recent description of faulting in the Loch 
Arkaig area of west scotland, Leedal (1951) has suggested that fault 
lines affecting camptonite dykes similar to those of the Loch Sunart 
ai'ea are "in all probability of Permian age, originating under late 
Hercynian stresses and being posthumous along pre-existing faults". 
In many cases, the faulting of Permo-Carboniferous dykes of the 
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Loch Sunart area has taken place along lines of displacement 
previously crossed by the dykes. Across the Allt a' Chait crush 
zone (see fig. 8.8), a camptonite is sinistrally displaced by about 
10 feet, deJX:tral movements have affected several dolerites and other 
dolerites are closely jointed (see fig. 10.2) in the crushed quartzita 
The intense crushing of the Moine country-rocks contrasts with the 
minor movements suffered by the dykes. In addition, the dykes are 
not affected in the margins of the crush belt. It is therefore 
concluded that the major period of movements took place pl"'ior to 
intrusion of the dylws. Post-dyke movements along the crush zone 
have been irregular in their effects on the different dykes. Small 
transcurrent movements of up to 10 feet and :probably of sinistral 
type have displaced a group of cam:ptonite dykes exposed in the lower 
course of Allt Feith 'n Amean (see fig. 9.3). A dolerite dyke 
outcropping in the first left bank tributary of Allt a'Bhuic has 
been moved transuurrently by a few feet. It is notable that tbe 
actual dislocation occurs at the centre of the zone of crushed rock 
(see fig. 8.5) probably initiate~ in Caledonian times and intnuded 
by the dyke before Permian re-opening. The continuation of the 
crush belt is mineralised (see fig. ,10.3). The line of intrusion 
of a cmnptonite dyke across the probable faulted N.W. boundary of 
granodiorite and tonalite of the strontian Granite is somewhat 
irregular and again suggests that minor movements of posthumous 
character took :place along the :pre-existing major fault line. 
In the first right bank tributary to the Black Water above Loch 
Olachaig (Lurga distric6), the right bank exposure of a dolerite 
dyke of Permo-Carboniferous type is sinistrally displaced by a few 
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FIG. 10. 3. - Faul t l ine in ine Schist veined by calcite in 
the first left bank tributar,y to Allt a ' Bhuic (3688~) . 
FIG. 10.4. - Calcite vein in crushed granite in the middle 
course of Allt nan Cailleach (322869) . 
feet with respect to the exposure on the left bank. Upstream, the 
continuation of the fault line is intruded by a dyke of post-
mineralisation type. 
The best example of the transuurrent faulting bf Permo-
Carboniferous dykes in the Loch Sunart area is an E.N.E. trending 
fracture line mxposed in the upper course of Allt Tarsuinn. The 
southern branch of Corrantee Vein has been excavated along the 
course of the stream. Stro~y sheared gneisses are exposed on the 
walls of the remaLDing vein material. Outcrops on north and south 
sides of the opencast of three doleritesdykes, a camptonite and 
two hornblendic schist bands are each displaced by about 20 feet 
relative to one another. In addition, a "sill" of amphibolite 
occurs some 20 feet higher on the north wall than an equivalent 
exposure on the south wall of the worldng, suggesting that vertical 
movement of at least this distance has occurred. The outcrops of 
banded mineral vein are undisturbed, proving that the mineralisation 
post-dated the fault movements. The latter may have till{en place 
entirely after dyke intrusion but the strong shearing of the gneisses 
suggests that some possible Caledonian (or earlier) movement 
initiated the fracture. 
It is conceivable that the fault line 1~nning along the west 
side of Coire an-t Suidhe may account for the general absence of 
Permo-carboniferous dykes in the area north of Ben Resipol as 
compared with the relative abundance of such dykes in the Corrantee 
Mine district. The mechanism requires the sinistral dislocation 
by a distance of about one mile of the westward continuation of the 
Corrantee dykes if the very similar dolerite dykes (and associated 
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galena-bearing mineral vein) exposed in Allt Mhic Chiarain at a point 
about one mile N.E. of Resipol village are to be considered asstrike 
continuations. The N.N.E. continuation of the Coire an t-Suidhe 
fault may account for the abrupt eastern end of a camptonite dyke 
exposed in a left bank tributary to Allt Coire an t-Suidhe. 
In cases where Permo-qarboniferous basic dykes have been 
intruded along pre-existing fault lines of probable Caledonian age 
(see above), the qctivity of movements of post-dyke age is evidenced 
by close jointing in the dykes, e.g., in the upper course of Bun an 
Uillt, in the lower course of .Allt a' Choire Dhuibh and in the middle 
course of Amhainn Coir' an Iubhair. Sometimes the movements have 
affected mainly gneiss horses between associated seams of dolerite 
e.g., at Salen Pier and in the first left bank tributaries of Allt a 
Gharbh Choire Bhig and Allt Feith 'n ~~ean. The marginal 
longitudinal joints of Quartz-dolerite dykes exposed in Allt Ruighe 
Spardain and Allt a'Bhuic are sometimes irregular in appearance and 
weakly miner ali sed. 
very often, minor shearing has taken place alongside or within 
Permo-Carboniferous dykes and has been followed by weak mineralisa-
tion, e.g., dolerite dykes in the middle course of Allt mo Nionag 
and in the upper and lower courses of Allt nan Cailleach; camptonite 
dykes at Achleek, Rudh 'an t-Sabhail, in Camasinas Quartz-dolerite 
boss and in the middle course of Allt an Fhasaidh. Shearing in 
Moine rocks at the sides of the probable carnptonite dyke followed by 
Lurga Vein suggests that mineralisation post-dated slight movements 
along the dyke. In all these instances, movements affecting the 
dykes are probably genetically related with the re-opening of pre-
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existing fault lines after PermocCarboniferous dyke intrusion. 
The intimate association of mineralisation with the fractures brought 
about by these movements of probable Permian age is almost ubiquitous. 
However, the location of the most important mineral veins of the Loch 
Sunart area, with the possible exception of the southern branch of 
Corrantee Vein, may be related to those fractures probably initiated 
at a late Caledonian (or earlier) date. 
In the present connection, it may be noted that although no 
sign of the actual movement of post-mineralisation dykes in the 
Loch Sunart area was observed, same of the probable Tertiary normal 
dolerite dykes crossing the Strontian Main Vein and Lurga Vein, and 
a· quartz-dolerite dyke crossing ai-.possible:l.east-.west.::f:aulct·~'-line S.E. 
of Be1lsgrove Lodge appear to be displaced' across veins and faults 
by a few feet. This movement may be related to the relative 
incompetency of mineral vein materials and crush-rocks and not to 
post-dyke movements since there is no sign of close jointing or 
brecciation in the dykes at these localities •• 
JOINTS 
Jointing in Moine rocks and Caledonian Granite. - Foliation planes 
characterise the Moine Schists almost to the complete exclusion of 
joints. Jointing is well developed, however, in the rocks of the 
Strontian Granite. Some short Devonian and Permo-Carboniferous 
dykes appear to have arisen directly along vertical joint planes in 
tonalite and granodiorite, e.g., the dykes exposed in Allt na Meinne. 
Some long continued dykes, e.g., that followed by Allt nan Cailleach, 
show the same relation at points along their outcrop but because of 
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their length, must have crossed the rectangular joint system at a 
number of places. No statistical work has been published on the 
preferred directions of the jqint planes of the Strontian Granite, 
but it is possible that many of the Permo-Carboniferous and Tertiary 
dykes present in the ~ranite owe their sites indirectly to the 
available fracturespPovided by the joints. Nevertheless, it is 
notable that the trends of dykes of both ages occurring in the 
eranite are nbt significantly different from those present in 
surrounding Moine rocks. 
Jointing in miLnor intrusions. - Pre-~ranite intrusions are foliated 
but never jointed. Joints are poorly developed in Devonian 
lamprophyres and felsites but are at an optimum in the broad Permo-
Carboniferous q_uartz-dolerite intrusives. In the latter, a 
rectangular system of joints ms characteristic with vertical sets 
parallel with the length and breadth of the intrusives. In the 
bosses, the joints are often filled with acidic veinlets, weakly 
mineralised, whilst calcite veinlets have been recorded in two cases 
along longitudinal joints in the margins of the quartz-dolerite dykes. 
vertical joints in the q_uartz-dolerite bosses at Camasinas and 
Gortenfern and in the q_uartz-dolerite dyke exposed in Allt Ruighe 
Spardain have controlled the later intrusion of dykes of canrptonite, 
monchiq_uite and Tertiary dolerite (see figs. 9.4 and 9.6). The 
fact that the ca!@tonite in Camasinas boss is marginally sheared 
suggests that movement took place along the vertical joint plane 
intruded by the dyke. In the narrow Permo-Carboniferous dolerites 
and lamprophyres, longitudinal and cross jointing is usually 
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moderately well developed. Sometimes late~magmatic chlorite 
minerals fill the joints, and where mineralised, calcite often 
< 
coats the joint surfaces. Close irregular jointing, which can 
sometimes be.matched with irregular joint planes or cracks in 
intruded country-rocks, is a criterion of post-dyke movements, and 
the actual joints are often followed by carbonate veinlets and on 
rare occasions (e.g., in the Garbh Bheinn dolerites) by ribs of 
barytes. 
The Tertiary dykes. are well jointed in much the same way as 
in the Permo-Carboniferous· dykes. The broad quartz-dolerites again 
display the prime development of jointing. In one of the olivine-
dolerites, longitudinal joints are occupied by stringers of carbonate. 
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C H A P T E R XI 
MINERALISATION IN THE LOCH SUNART AREA. 
INTRODUCTION 
The mineral veins of the Strontian and Lurga mines are of 
epigenetic lead-zinc type and can be matched with many other worked 
deposits in Britain (Dunham 1952, 399-405). 
' 
In addition, there are 
numerous occurrences of barytes and carbonate distributed over a 
wide area centred upon Loch Sunart. One new lead vein of potential 
economic importance has been found during the present investigation. 
A second vein has recently been found in an adjacent area by John 
Taylor and Company, Ltd •• A very subsidiary type of mineralisation 
is represented by small, rave occurrences of iron sulphides. 
EPIGENETIC MINERALISATION : THE VEIN CONTENTS 
General description. - A detailed account of the mineralogy of the 
strontian veins has been given by scott (1871). The most important 
minerals of the veins are calcite, barytes, galena and b1ende. 
The rare zeolites, brewsterite and harmotome, together with 
strontianite, can still be found on the mine dumps. Pyrite is a 
minor associated mineral. Weathering products are sometimes 
associated with galena. small fragments of fluorite on the dumps 
were probably introduced from s. Scotland or N. England by itinerant 
miners. 
Banding is commonly developed in the mineral veins as seen in 
the few available exposures (see figs. 11. 1-2). Metal ore-minerals 
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FIG . 11.1. - Banded lead vein excavated along Allt Tarsuinn, 
Corrantee mine . 
FIG. 11. 2.- Banded lead vein exposed in the first l eft bank 
tributary of Allt a ' Garbb Choire Bhig, on Garbb Bbeinn. 
are concentrated at the centres of the veins, whilst ribbons of 
calcite occur repeatedly amongst bands of barytes towards vein edges. 
Where the mineral veins have fonood as partial metasomatic replace-
ment deposits (e.g., parts of the strontian Main Vein), banding is 
less well developed than in fault fissure infillings. In the 
latter case, fragments of country-rock can often be,~seen within 
the vein limits. The minerals of the narrower veins are less 
coarsely crystalline. 
Access to the underground workings of the Strontian and Lurga 
Mines is virtually impossible due to flooding and rockfall. Most 
of the excavated debris consists of massive specimens. Calcite 
makes the largest crystals, individuals reaching 6 inches across. 
crystals of zeolite seldom exceed a length of 2 em.. Sulphide 
minerals are often well crystalline; cubes of galena sometimes 
measure 10 em. across. 
A general examination of the contents of the dumps of the 
several mines of the Loch Sunart area r~veals that at lower altitudes, 
e.g., Lu rga (600-800 feet above sea-level), Corrantee (700-1,000 
feet), zinc blende is relatively common whilst barytes is of 
infrequent occurrence. At the Whitesrnith and Bellsgrove mines, 
barytes is an important constituent but blende is rare. The dumps 
around the veins at west Whitesmith Trials, at the highest altitude 
in the area (1,200 feet), are rich in barytes and contain little 
blende and calcite. At the two newly-found mineral veins, the 
general rule of increase of lead and barium with altitude at the 
expense of zinc and calcimn ~s borne out. On Garbh Bheinn, both 
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outcrops of a lead vein, respectively at 1,300 and 2,100 feet above 
sea-level, contain barytes as the most important gangue mineral. 
Here, carbonates are associated with dolerite wall-rocks but are 
virtually absent from the veins proper. The Resipol deposit is 
by contrast at only 500 feet above O.D. and the vein consists mainly 
of calcite and galena. 
New data on harmotome. - A chemical analysis and a differential 
thermal analysis have been made on a sample of h~otome from the 
strontian Main Vein. New material was discovered on the mine dumps 
at the N.E. side of Bellsgrove Lodge (340855), 3 miles north of 
strontian by road. Recent excavation of the dumps for road metal 
has revealed a large nurnber of specimens consisting in part of well-
shaped harmotome crystals. The crystals are easily recognisable by 
their characteristic double twinning (illustrated in Dana 1949, 647). 
Large calcite rhombohedra are the commonest associated crystals. 
Together with the harmotome crystals they usually coat fragments of 
granite. Individual har.motomes are in many cases attached to the 
vein fragments by single crystal faces and evidence open space 
growth in cavities. 
The presence of harmotome in the mineral assemblage of the 
strontian Main Vein has long been known. The occurrence of the 
mineral has been described by Scott (op.cit.sup.). Sekanina and 
Wyart (1937) have more recently made a study of harmotome from 
strontian and other world loca~ies and arrived at the formula 
Ba2Si1zAl4032• 12 H20 for the mineral (also quoted in Winchell and 
Winchell 1951, 344, with a question mark against the water content). 
The approximate formula given in Dana (op.cit.sup.) is rather differe~ 
(K2Ba) Al2 Si5 014• 5 H20. 
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The macroscopic and optical properties of the analysed harmotome 
are identical with published data. The refractive indices are: 
till.= 1.503, n-.= 1.505, n" = 1.508 (all± 0.002). 
The new analysis given in Table 11.1 corresponds closely with old 
analyses of harmotome from strontian summarised by Sekanina and Wyart 
( op. cit. sup. ) • In the present analysis, Na2o is somewhat higher, 
K2o lower and the total water content higher than in earlier analyses. 
Small amounts of iron in the analysis may be due to the presence of 
impurities. 
A considerable amount of water (H2o-) in the harmotame was 
expelled at a temperature below 105°0. In previous analyses, no 
distinction has been made between water coming off below and above 
this temperature. It has been assumed that the water is entirely 
water o~ crystallization. On this basis, recalculations of the 
harmotome analysis to 32 or 14 oxygen atoms (see Table 11.1·, (a) and 
(c)) correspond closely with the standard theoretical fmrmulae (opera 
cit a sup.). The differential ~alysis thermogram for the analysed 
harmotome (see fig. 11.3) for which the writer is indebted to Dr. 
G.A.L. Johnson, suggests by reason of the subdivision of the endo-
thermic trough into two subsidiary troughs (at 200°00and 400°0 
approximately), that the contained water may be present in more than 
one form, i.e., both as water of crystallization .and as lattice 
hydroxyl water. Estimation of the relative runounts of the two 
types of contained water requires further study. When all the 
water present is calculated as hydroxyl atoms in the mineral lattice, 
the resultant formula is unsatisfactory (see Table 11.1, (c)). 
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TABLE 11.1. - Chemical and related analyses of harmotome from 
Strontian. 
I II III ------------------IV--------------------------
Molecular Nmiber Nwnber Metal atoms Metal atoms 
proportions of of to 32 1 0 1 to 14 1 O' 
'O'atams cations (a) (b) (c) 
Si02 47.4 47.58 46.98 0.789 1.578 0.789 11.42 8.37 5.23 
Al203 16.4 16.58 16.03 0.161 0.483 0.322 4:.66 3.41 2.13 
Febo3 absent 0.10 Fe Q.3 0.004 0.004 0.004 0.06 o.o5 0.02 
MgO absent 
CaO absent Q.13 0.65 
~ao 0.7 0.38 0.27 o.o11 o.o11 0.022 0.33 0.23 0.15 0.4 0 .. 98 1.88 0.004 0.004 0.008 0.12 0.09 0.05 
P205 tr. 
T~02 absent 
MnO tr. 
BaO 20 .. 10 20.50 19.58 0.131 0 .. 131 0.131 1.90 1.34 0.87 
zro~ absent 
H 0 8.9 ~13.86 14.78~ 0.806 Q.8Q6 1.612 n.d. 17.1~0H)n .. d. H2o- 5.6 
----------used only in (b) ------------~---2 
Total 99.8 ~a~ 2. 211 b 3.017 
Sp.Gr. 2.44 
Formulae:- (a)(Ba1 .. 9oNao.33Ko.12Feo.o6)2.41 A14.o8(Sil1.42Alo.58)12 
032•H2014.5· 
(b)(Bal.34Nao.23Ko.o9F8o.o5)1.71(Si8.37A13.4l)o32.(oH~%~ 
(o)(Bao.87Nao.15Ko.o5Feo.o2)1.o9(si5.23A12.13) 014.H2°14.5 
I - New analysis of harmotome from the strontian Main Vein. 
II ._ Average of 5 chemical analyses of harmotome from Strontian 
(Sekanina and Wyart 1937, 143: anals., 1 ... 5, Table I). 
III- Average of 3 chemical analyses of harmotome (op.cit.: anals.6-8, 
(Table 1). 
IV - Recalculations of chemical analysis I on the basis of 32 and 14 
oxygen atoms, with all the water present as water of crystalliz-
ation (a),(c) or lattice hydroxyls (b). 
n. d. not determined~-
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EPIGENETIC MINERALISATION : STRUCTURAL CONTROL 
By major structures. - Discernible large-scale structures in Moine 
rocks and Caledonian Granite in the Loch Sunart area appear to have 
had little influence upon the location of the mineral veins. The 
strontian Main vein occurs along a shear belt intruded by Permo-
Carboniferous dolerite dykes which in turn run approximately 
tangential to the northern contact of the Strontian Granite. 
Foliation directions on the steeply dipping limbs of isoclinally 
folded Moine Schists west of the Granite sometimes coincide with 
minor shear planes or are occupied by pre-Granite intrusions, 
followed by small veins in one or two places (e.g. some of the ~ns 
of the Fee Donald Mines). In this way, the major structures have 
exerted some degree of structural control upon the mineralisation. 
By joints and faults in schist and granite. - Joints in rocks of 
the Strontian Granite and foliation planes in Moine Schists are 
rarely occupied by mineral veins unless minor intrusions or lines 
of displacement occur along them. Several minor faults in the 
country-rocks have not been intruded by dykes, but are appreciably 
mineralised (see figs. 10.3 - 4). Some, in Moine schist and gneiss, 
are not certainly of post-Granite age, e.g., that followed by the 
Armstrong Vein and the carbonate mineralised shear planes on the 
south side of Garbh Bheinn. Although such displacements were 
probably init.Eated before Permo-Carboniferous dyke intrusion, some 
slight re-opening may have occurred along them after this period. 
None of the veins at sites of this type are of ecnnomic importance. 
Several important mineral veins occur on faults intruded by 
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FIG. 11.4.- The Strontian Mines at the northern edge of the 
Strontian Granite (right). itesmith mine is in the foreground., 
continuous with the prominent openca.st of Bellsgrove mine. 
FIG. 11 • .5 .- Beinn Cblaonleud fran Iurga. ine. Dykes and calcite vein occur 
at intervals in the stream running down the hillside (centre distanee). 
dykes before mineralisation. Sometimes there are several parallel 
seams of dolerite or lamprophyre (or both) closely associated in the 
same displacement, e.g., across Garbh Bheinn and in the lower course 
of Allt a'Choire Dhuibh. In other cases, the dykes are displaced 
across mineralised fault-lines. Post-dyke movements obviously took 
place before mineralisation. The latter has always occurred 
principally along the fault-lines rather than at the sides of the 
dykes, e.g., in the upper course of Allt Tarsuinn, in Allt a'Chait 
and in the lower course of Allt Feith 'n Amean. Brecciated country-
rocks in the fault zones have thus acted as the more favourable hosts 
to the rise of the mineralising fluid. Nevertheless, close 
examination of the dykes concerned has revealed that a certain 
degree of diversion of the fluid away from the fault fissures has 
taken place along them, usually at their edges. 
The mineralisation of Devonian and Permo-Carboniferous 
lamprophyre dykes can be directly related to the presence or absence 
of post-lhntrusion shearing movements. The f'elsites and the 
monchiquites never occur mineralised and at the same time;i.' have not 
been found to be affected by later displacements. 
BY minor intrusions. - The structural environment most favourable 
to mineralisation in the Loch Sunart area has been pro~ided by 
associations of parallel seams of Permo-Carboniferous basic dykes 
intruded in one or more phases through crushed rocks marking a 
pre-existing zone of displacement. In such cases, it is difficult 
to estimate the relative importance of dykes and fault-fissures in 
the localisation of the mineralising fluid. However, in instances 
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of fractures crossed by pre-mineralisation dykes the former always 
appear to have been the predominant control. Where only post-
intrusive movement is displayed in certain dyke occurrences, 
subsequent small-scale mineralisation (usually as carbonate, some-
times together with barytes) is clearly due to the fact that the 
dykes represented relatively incompetent planes in the country-rocks. 
Weak mineralisation is often exhibited by dykes, particularly 
those of the Permo-Carboniferous olivine-dolerite group, which are 
neither faulted nor have intruded pre-existing dislocations. The 
dyke fissures, and particularly their edges, alone have provided the 
means of access for the mineralising solutions. The latter, howeve~, 
have not given rise to workable deposits at sites of this type. 
A similar environment of mineralisation~ never displayed by 
camptonite and monchiquite dykes. The most probable explanation 
of this fact is that the lamprophyre dyke-rocks were less susceptible 
to metasomatic exchange with the mineralising fluids than dolerite 
of dykes of the same general age and field occurrence. 
The massive, rectangular joint systems of Permo-Carboniferous 
quartz-dolerite intrusives have provided special sites for mineralisa-
tion. The partial mineralisation of late-magmatic veinlets filling 
the joints of quartz-dolerite bosses has taken place even at 
considerable distances from the main location of mineralising activity 
in the Loch Sunart area, e.g., the veinlets of Gortenfern boss, some 
15 miles west of the Strontian Lead Mines. In the Camasinas boss 
(near Salen), weak mineralisation has selected a shear plane in a 
camptonite dyke which occupies one of the vertical O.oints of the 
intrusive. Clearly, the post-dyke movement must ·initially have been 
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brought about by a displacement along the joint-plane in the quartz-
dolerite. Rare shear-planes following the joints of Permo-
carboniferous quartz-dolerite dykes were found to be mineralised by 
carbonate. 
Another specialised mineralisation environment can re seen in 
the contact rocks of the same quartz-dolerite intrusives. 
Mineralisation is restricted to carbonate impregnations; veinlets 
marking injection along open fissures are absent. Movements at 
the margins of Permo-Carboniferous quartz-dolerites is rarely found, 
as a result of the closely-welded nature of the intrusive contacts. 
The semi-chilled edges of the dykes and bosses are most heavily 
mineralised but carbonate is often a significant constituent of the 
thermally metamorphosed wall-rocks at considerable distances from 
the contacts. 
About 150 minor intrusions of Devonian and Permo-Carboniferous 
age were mapped in the vicinity of Strontian. Epigenetic carbonate, 
or a more significant mineralisation, is associated with nearly 90 
of them. Of this number, approximately 50 have been intruded along 
fnuit-lines or are affected by movements post-dating their intrusiono 
The general picture of the epigenetic mineralisation of lead-zinc 
typ'e in the Loch Sunart area is one of' the wholesale leakage of the 
mineralisltng fluids out along the walls and the joints of minor 
intrusions, and through the brecciated rocks of fault-lines already 
present in the massive gneisses, schists and granitic rocks of the 
area. 
The lead and zinc veins of the Strontian and Lurga Mines, 
together with newly discovered occurrences, are sited at points where 
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the combination of structural controls, mainly displacements of 
Caledonian or earlier age and Permo-Carboniferous basic dykes and 
small-scale faults posthmaous along previous dislocations, has been 
particularly favourable. 
EPIGENETIC MINERALISATION : TBE NATURE OF THE ORE-FOR!IJIING FLUID 
Evidence from the mineral veins. - Although the Loch Suhart 
mineralisation has been described as of lead-zinc-barium-strontium 
type, the probable order of abundance of ions in the mineralising 
fluids appears to have been as follows: calcium, carbonate, barium, 
sulphate, lead, sulphur, zinc, silicon, iron, strontium, aluminium, 
water, potassium, sodium. Calcite is the predominant constituent of 
the exposed veins. Barytes, galena and zinc blende, together with 
small maounts of iron sulphide and zeolites, are virtually restricted 
to the mineral veins proper. The geochemical characteristics of the 
mineralisation, as illustrated by the contents of the principal veins, 
are closely similar to those displayed by msny other localities of 
lead-zinc mineralisation in Britain (Dunham 1952, 399-405). ' One 
notable feature, however, is the presence of appreciable amounts of 
strontium~ as the rare carbonate strontianite, in the Strontisn Main 
vein. In this connection, it may be noted that a spectrographic 
analysis of a sample of galena from an unspecified Argyllshire 
locality, probably Strontian, made recently (El Shazly & Others 1957, 
2554) shows that very little strontium, but significant proportions 
of barium, are trace elements in the metal ore. 
Evidence from the mineralisation of minor intrusions. In the many 
instances where mineralising solutions have come into contact with 
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minor intrusions in the Loch Sunart area, drastic mineralogical 
changes have taken place in the rocks. The minerals of the 
intrusions have the following order of decreasing susceptibility to 
alteration by the mineralising solutions: 
Bowlingite (in olivine pseudomorphs), clinopyroxenes, ortho-
pyroxenes, green hornblende, potash feldspar, plagioclase, 
analcite, chlorite, magnetite-ilmenite, brown hornblende, 
biotite., Apatite, fibrous zeoli te·s and quartz unaffected. 
The physical distribution, as well as the composition of' the 
minerals appears to have influenced their degree of alteration. 
The large, spongy olivine pseudomorphs in bowlingite co~non in many 
dolerites and lamprophyres have altered more readily to carbonates 
than chlorite of' very stmilar composition occurring as groundmass 
shreds. Camptonite dykes containing plentiful brown hornblende 
and quartz-rich hornblendic schist bands have suffered to a much 
less extent the~extural disintegration characterising mineralised 
dolerites. The resistant nature of' brown hornblende and quartz to 
epigenetic mineralisation has preserved the textures of' rocks 
containing appreciable amounts of' these minerals until a late stage 
of' mineralisation. In the dolerites, on the other hand, all the 
important minerals are readily altered on mineralisation and the 
expansion consequent to the formation of large amounts of chlorite, 
serpentine and carbonate has promoted textural break-dol~. 
BY means of' serial sampling of dylces cut by mineral veins along 
their strike or,in the case of dykes followed by mineral veins, by 
comparing "ghost" replacement textures in mineralised specimens with 
those of unaltered rocks, it has been possible to establish the 
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gradients and elucidate the stages of mineralisation in several 
types of basic dyke. The gradient varies for each mineral and for 
minerals of similar composition present in different assemblages. 
Thus brown hornblendes remain fresh when clinopyroxenes are 
converted to chlorites and iron oxides at an intermediate stage in 
the mineralisation of csmptonites. At a similar distance from a 
mineral vein contact, most of the minerals of an olivine-dolerite are 
wholly altered, and clinopyroxenes almost identical with those of 
camptonites chloritise~ at an even earlier stage. Camptonite dykes 
are completely unaltered some 10 feet from mineral vein contacts 
(see figs. 9.14 and 9.15), dolerites usually at a distance of 15-20 
feet. The influence of such additional factors bearing upon this 
subject as the geometrical characteristics of the dyke-vein 
occurrence, the depth of cover of the dykes at the time of mineralisa-
tion and minor channelling of the fluids along dyke margins cannot 
be elucidated. 
Dyke rocks in contact with mineral veins consist largely of 
The initial transformation of primary silicate minerals 
to chlorites, serpentines and iron oxides, evident in dyke-rocks 
several feet distant from the veins, has been superceded by large-
scale carbonate formation and the release of free silica and iron 
oxide dust. In these products of intense mineralisation can 
nevertheless be seen the pseudomorphed outlines of the original 
minerals. Though fresh brown hornblende and chloritised titanaugite 
occur together in camptonite a few feet from the vein contact, both 
are entirely converted to carbonate against the vein. The 
compositions of the alteration products of the two original minerals 
have thus converged as a result of mineralisation. 
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The composition of the mineralising fluids ascending along the 
walls of basic dykes must necessarily have been modified by 
metasomatic exchanges with the dyke-rocks. This process appears 
to have been of little effect where the volume of altered dylw-rock 
was small, but in cases of mineral veins following dykes for long 
distances, and through a considerable vertical interval, there is 
supporting mineralogical evidence since dolomite and sometimes 
ankerites occur rather than the more usual calcite as the principal 
dyke-rock alteration product. Their development is thought to be 
... 
due to the large amounts of magnesium and iron released to the 
mineralising fluids from the alteration of dyke-rock at lower levels, 
causing a precipitation of the equivalent carbonates at the present 
level of exposure. At the same time, gains of calcium by the 
mineralised dolerite illustrating this instance suggest that this 
element too, may have been lost to the fluids from doleri,te at 
depth, adding to the calcium content of the original mineralising 
fluid. 
The presence of calcite as the predominant constituent both 
of the exposed mineral veins and the mineralised parts of the Loch 
Sunart minor intrusions indicates that carbon-dioxide was undoubtedly 
one of the most important compounds constituting the original 
mineralising fluids. The amount of carbonate in any mineralised 
rock provides a ready estimate of the intensity of the mineralisation. 
In late stages, early-formed chlorites and serpentines in basic dyke-
rocks are altered to carbonates and chalcedonic silica and the 
expansion attending the alteration gives rise to cracks which become 
filled with carbonates. 
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When all the mineralised dolerites and lffiaprophyre rooks 
chemically analysed are compared with unaltered material there has 
been a loss of sodium. Albitisation of the plagioclase accompanies 
this loss. These two apparently conflicting processes take place 
concurrently as a result of rapid removal of calcium from plagioclase 
to form calcite and the development of clay minerals from excess 
aluminium and silicon. Consequently, there is a net loss in the 
amount of plagioclase. Potash feldspar was found in two instances 
as a new mineral in mineralised dyke rocks, but the introduction of 
small amounts of potassium has taken place in all the analysed 
altered roclcs. The potassium,together with excess silicon, is 
poesil)ly taken up in clay minerals of the illite type (c. fc. Dunham 
1948, 105). 
Small amounts of sulphides, mainly pyrite, occur in most of the 
mineralised dyke-roclcs examined. They form patches, sometimes 
\ 
automorphic, obliterating large pseudomorphs and amygdales, or 
more rarely as dendrites bordering carbonate veinlets. Increases 
in sulphur were found in all the mineralised dyke-rocks analysed. 
The physical state in which the sulphides was transferred is 
difficult to visualise excepting on the basis of ionic migration and 
aggregation at favourable loci such as olivine pseudomorphs. 
Barytes is found in altered dyke-rocks only as veinlets of 
late-stage formation. Sulphate ions appear to have been unable to 
enter into metasomatic exchanges with minerals of the dyke-rocks. 
it is interesting to note that the formation of appreciable 
volumes of leucoxene on the sites of original magnetite-ilmenite 
grains in basic dyke-rocks took place without introduction of 
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titanium, implying that the leucoxenes o~ the altered rocks contain 
signi~icant proportions o~ iron. No marked trends in either 
ti taniurn, phosphorus or manganese are discernible in the mineralisa-
tion o~ the Loch Sunart dyke-rocks (see Tables 2.2, 7.4, 8.7 and 9.8). 
No de~inite evidence o~ the aqueous nature o~ the mineralising 
~luids is ~orthcoming ~rom the present study. As in the case o~ 
calcium, water has not been regularly gained by the mineralised dyke~ 
rocks, but it is di~ficult to visualise the many complex metasomatic 
exchanges taking place except in the presence o~ an aqueous medium. 
The compositions o~ the dy-ke-rocks have been capable o~ "~ixing" 
large amounts o~ carbon-dioxide and smaller runounts o~ potassium, 
sulphur and sometimes calcium during the reactions, but not water. 
The latter presumably served to carry the iron, magnesimn and sodium 
lost by the dyke-rocks to higher levels. The ultimate depository 
o~ these materials is conjectural. They may have been dispersed 
in groundwaters or released in submarine springs. There is at 
present no rock cover in the w. Highlands capable o~ retention of 
the waters as has been suggested in N. England (Anderson 1945). 
EPIGENETIC MINERALISATION : THE ORIGIN OF THE ORE-FORMING 
FLUID. 
The detailed ~eatures o~ the structural control o~ the minerausa-
tion presented in the Loch Sunart area points to the rise o~ an 
aqueous medium, rich in carbon -dioxide, calcium, barium, sulphur , 
lead and zinc on the sites o~ minor intrusions and ~ault lines. 
The chemical composition and physical state o~ ore-~orming ~luid, 
particularly whether it was an acid gas or an alkaline liquid, has 
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been debated at length in recent years. In his appraisal of' the 
problem, Graton (1940) concluded that the essential requirements of' 
the genesis and motivation of' most~pogene mineral deposits were 
satisfied by a hot alkaline liquid of late magmatic extract. 
Four principal magmas are represented in the Loch Sunart area. 
The largest gave rise to the Strontian Granitic Complex of probable 
Caledonian age and possibly to some lamprophyre and felsite dykes 
in Devonian times. Although there is too great a chronological 
separation between the intrusion of Caledonian granite and the lead-
zinc mineralisation, at the time of mineralisation there may have 
been a resurgence of' granite magma on the site of the Strontian 
Granite which gave rise to the ore-forming solutions. Two possible 
lines of' evidence may be quoted in support of this hypothesis. 
When considering the source of the strontium in the Strontian mineral 
veins, it is notable that the strontium trace element values for 
examples of' the rock types of the Strontian Granite obtained by 
Nockolds and Mitchell (1948, Table III, columns 29-31) are above the 
average for Caledonian igneous rocks in general, though the net 
values are small. In addition the field evidence shows that 
despite the wide distribution of mineral veins in the Loch Sunart 
area, there is a general concentration in and around the Strontian 
Granitic Complex. It may be noted that Jones (1924) once propounded 
a genetic relationship between the Strontian veins and the Granite. 
The second largest magma in the area, of' tholeiitic type gave 
rise to the Late Carboniferous quartz-dolerites. Kennedy (1948) 
has suggested the origin of hypogene ore deposits in general from 
such a magma. The necessary volume of carbon-dioxide and vein-
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forming elements of most lead-zinc veins certainly could not be 
supplied by the late magmatic activity associated with tholeiitic 
intrusives in view of the evidence of Walker (1930) and Vincent 
(1950) of the composition of tholeiitic glasses. 
The olivine-basalt layer of the generally accepted hypothesis 
of layered crustal magmas of Kennedy and Anderson (1938) has been 
claimed by Kennedy (op.cit.sup.) to be barren of ore-forming minerals. 
In the Loch Sunart area, the camptonite-monchiquite suite and 
possibly the olivine-fialerite group are the phases of igneous 
intrusion closest in time to the mineralisation. However, a 
period of movement distinctly separates the intrusion of all the 
probable Permo-carboniferous dykes from the mineralisation. No 
atrong evidence can be adduced in support of a genetic connection 
between an alkaline olivine-basalt magma and the mineral veins. 
The Loch Sunart camptonites are notably rich in calcite and zeolites, 
but their strontium and barium contents have not been investigated. 
No genetic relationship between the mineral veins and Tertiary 
intrusions in the Loch Sunart area is envisaged. The constituents 
of the Loch Sunart mineral deposits show clearly that they are of 
epigenetic origin. The mineralisation was in all probability 
linked to the main British lead-zinc mineralisation of deep-
seated, tru,ly epfugenetic origin. 
I 
EPIGENETIC MINERALISATION AGE 
The field evidence shows that the lead-zinc mineralisation of 
the Loch Sunart area took place between the period of post-camptonite 
faulting and the intrusion of dykes comparable with intrusives in 
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the W. scottish Tertiary Volcanic centres. The minor transcurrent 
displacements of camptonite dykes in the Loch Sunart area may be 
correlated with similar faulting in the Loch Arkaig area, reported 
by Leedal (1951) as Permian in age. There is little doubt that the 
w. Highland camptonite-monchiquite dyke swarm ia of late Carboniferous 
or early Permian age (see Chapter IX) although the re~ppearance of 
camptonitic types amongst the w. Scottish Tertiary dyke swarms has 
given rise to some confusion over this issue in the past (B~y and 
Others 1924, 16). 
Evidence of the age of the British lead-zinc mineralisation in 
general is unsatisfactory. For the majority of the deposits, 
there seem to be two alternative dates, Permian and early Tertiary. 
That extensive epigenetic mineralisation took place in ITurassic or 
Cretaceous times is not usually fav0ured. The Scottish and N. 
England dyke swarms have thus far provided the closest limits t0 
the dating of the mineralisation. The present state of lmowledge 
on the subject is briefly summarised by Temple (1956, 109) in his 
statement that the "emplacement of •••••• probably all the British 
lead-zinc deposits took place in the interval between the Permo-
Carboniferous dyke phase and the Tertiary dyke phase 11 • The 
present study has shown that the mineralisation not only post-dates 
the intrusion of the latest of the Permo-Carboniferous dyke swaftns, 
the camptonite-monchiquite group, but also a period of faulting 
which has affected members of the group. Furthermore, there are 
certain indications that the post-camptonite movements virtually 
coincided with the mineralisation. None of the vein occurrences 
are faulted but the microscopic evidence suggests that an initial 
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phase or carbonate impregnation of some camptonite dykes was 
separated from a later phase of carbonate injection as veinlets by 
shearing movements. The latter actually provided the openings in 
which the carbon-dioxide enriched fluids were able to consolidate 
as calcite. 
On the basis of this evidence, the leads of Finlayson (1910) 
and Dunham (1952), are therefore followed in assigning the British 
lead-zinc mineralisation to a late .aercynian date. Moreover, the 
sum of the available evidence suggests that the mineralisation 
occurred largely in early Permian times. Some minor mineralisation 
may have taken place at a later date. In the Loch Sunart area, one 
of the Tertiary dykes appears to be weakly mineralised. A possible 
explanation is that the fluids associated with the dyke caused some 
recirculation of existing metalliferous ions. 
FERROUS MINERALISATION 
One of the many pre-foliation lamprophyres exposed on the 
north shore of Loch sunart near Salen is sheared and contains large 
cubes and patches of iron sulphide. A lens of coarse iron sulphide 
(maraasi te, see Appendix B) occurs in ihyloni tised quartzite at the 
north side of the Allt Caire nan Capull minette. The strong 
crushing of the quartzite suggests that the minette dyke was intruded 
along a pre-existing fault line. The dyke is itself sheared, 
apparently to less extent. Mineralisation probably accompanied the 
post-dyke movements since the location of the epigenetic sulphide 
deposits has obviously been controlled by the site of the dyke. 
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The latter is probably of Devonian age. The post-dyke displacement 
and the mineralisation may have occurred at a pre-Carboniferous or 
Permo-Carboniferous date. Similar mineralisation is notably 
absent from dykes of Permo-Carboniferous type. 
Several post-Cambrian vogesite intrusions in Assynt have been 
found to be pyritized (Sabine 1953, 158), suggesting some Caledonian 
ferrous mineralisation. Other occurrences of epigenetic iron 
sulphide deposits in Britain are rare. If, in the Loch Sunart area, 
the iron sulphide pockets were emplaced in Hercynian times, they 
present a marked geochemical contrast with the lead-zinc ve~s, 
here assigned to a late Hercynian period. 
ECONOMIC RESULTS OF THE PRESENT INVESTIGATION 
All the well~known miner~ veins of the Strontimumines follow 
Permo-Carboniferous basic dykes, or fault-lines, or both. Some 
pre-Granite intrusions have exerted a structural control in the 
formation of a few small veins. The mapping of Permo-Carboniferous 
dykes, with their characteristic W.N.W. trend, and minor faults is 
facilitated in the Loch Sunart area by the relative ease of 
weathering of both dylces and crushed rocks along the fault lines in 
the resistant cou~t''J?Y,-rocks of Moine Schist and Caledonian Granite. 
The investigation of many such dykes and faults has often revealed 
the presence of small amounts of' calcite; add sometimes barytes along 
them. Both dykes and faults may be employed in this area as very 
significant ~ides in the search for mineral veins. The magnetometer 
has been found to provide a competent means of tracing the dykes in 
poorly exposed ground and in discriminating between the several types 
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or intrusion. Amongst the Permo-Carboniferous intrusions, one type, 
the quartz-dolerites will probably never prove a satisfactory guide. 
to ore. .Such intrusions are readily characterised by their 
relatively large width and typical magnetic anomaly. 
In one case, a lead vein was discovered as a result of the 
investigation of a group of dykes, and the extent of the vein, bot~ 
observable and possible, proved with the aid of a magnetometer. 
The vein is exposed on the north western and eastern sides of Garb~ 
Bheinn and the dykes which controlled the formation of the vein 
extend for several miles away from the locality. Seams of calcite 
are recurrently associated with the dyke continuations. Prospecting 
of this system of dykes may well prove fruitful. It may also be 
noted that a lead vein recently found by John Taylor and Company, 
Ltd., in a neighbouring district, proved on examination by the 
writer to be closel~ associated with dykes of Permo-Carboniferous 
type. 
- 282 -
0 H A P T E R XII. 
POST-MINERALISATION DYKES OF PROBABLE TERTIARY AGE. 
QUARTZ-DOLERITE DYKES. 
Occurrence.- & smal.l number of fresh, north-south trending, broad 
quartz-dolerite dykes were found in the vicinity of Strontian. Such 
dykes increase greatly in number towards Ardnamu.rchan. The most 
important of the Strontian Tertiary quartz-dol~rites is called here 
the Glenhurich-Achnalea dyke (see Plate 1). It :f'oll@we a sinuous 
course from the crest of the ridge Leitir Dhubh (345908) due south of 
Glenhurich to Achnalea ( 359845) on the lower northern slopes of Gillen· 
Tarbert and probably extends beyond the limits of the area mapped. 
Within the area, the dyke runs for nearly 4t miles of which only 
about 1! miles are actually exposed. The high positive magnetic 
anomaly characteristic of the dyke has facilitated mapping of unexposed 
stretches. The south end of the Glenhnrih-Achnalea dyke is notably 
narrower than the north end, respective widths at Acbnalea and in 
Coire Chaillich (343906) being 20 and 100 feet. The maximum elevation 
of the dyke is on the west side of Druim Glas (347898), the mininmm 
in the bed of the strontian River (353874). Other field measurements 
are given in Table 12.1. Like other post-mineralisation dykes (see 
Tables 12.4 and 12.6), the average trend of this group of dykes is 
close to N.N.W. - S.S.E.. Richey (1932, 135) has advanced the theory 
that the north-westerly direction of the Tertiary dykes is due to 
relief of stresses in a direction parallel to their magma reservoir. 
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The edges of the Glenhurich-Achnalea dyke are exposed in only 
two places where they dip steeply west. The west contact (sample 
163) can be seen in Allt Coire Chaillich (343906) and a road cutting 
on the north side of Beinn Ruighe Raonuill (344899) has revealed both 
edges of the dyke (sample 164 from the east side) together with a 
6-foot offshoot (sample 321) from its western edge. 
The smuousi ty of the Glenhurich-Aelmalea dyke (see Plate 1) can 
be 'i~ ~ttributed partly to the effect of varying elevation upon hade 
resulting in lateral shifts of exposure. Sharp alterations in strike 
over the level ground of Druim Liath .Ard ( 360840-3608'10) may be due 
to intrusion along different joint plane directions in the Strontian 
Granite. The dyke pierces the northern contact of the ;ranite 
without change of direction (349890). Its abrupt change of strike 
on the south side of Druim Glas (34989'1) is due to the presence of a 
favourable structural line afforded by an earlier dyke (see fig. 12.6). 
The type sample ('18) of post-mineralisation quartz-dolerite was taken 
at a point 8 feet from the west edge of the Glenhurich-Achnalea. dyke 
where it is exposed on the north wall of the Bellsgrove Mine opencast, 
1150 feet due west of the east end of South Bellsgrove Loch (349891). 
Sample 105 was taken from the outcrop in the bed of the Strontian 
River and sample 83 from the dyke 600 yards south along its strike 
from Bellsgrove Mine. 
A broad quartz-dolerite dyke (109f outcrops across the headwaters 
of a tributary to Allt na Meinne (33'18'18) i mile s.s.w. of Bellsgrove 
Lodge. The tributary probably occupies an east-west fault-line in 
tonalite. Changes in the trend and thickness of the dyke (see Table 
12.1) across the tributary suggest either movement of post-dyke age or 
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alteration in strike across an aJ.ready·-formed faul.t line. About one 
mile due south, a 16~foot quartz-dolerite dyke outcrops in a tributary 
to the strontian River (335867). The dyke (A in Table 12.1) strikes 
north-south at its northern end, swings south-east until Allt mo 
Nionag is reached, then reverts to its for.mer trend. Another 16-foot 
quartz-dolerite (816) is exposed for a few yards in the third stream 
• 
west of Achnalea ( 365867) and may represent a continuation of dyke A. 
A crop of weathered dolerite (B in Table 12.1) on the west side of 
Meall Iain (311896) is included in the present group since it contains 
pyriter, spheres similar to those of the Glenhurich-Achnalea dyke. 
In contrast to other dykes in the Loch Sunart area, post-
mineralisation quartz-dolerites sometimes form positive features. 
Their prominence can be related to the relative hardness of their 
country rocks. Thus the Glenhurieh-Aehnalea dyke for.ms a ridge in 
flaggy sedimentary gneisses in Coire Chaillich (see fig. 12.1), whilst 
in crystalline injection gneisses at the northern edge of the Strontian 
Granite it is seldom exposed. The dyke is exposed within the granite 
on valley sides but is absent over intervening level ground. It is 
followed by a watercourse along tmly a few hundred yards of its 4t 
mile length and only one of the other four dykes outcrops in a stream 
bed. 
A sample (217) taken from the centre of a 10 to 20-foot multiple 
dyke followed for about half' a mile by the second right bank tributary 
of Allt a'Mhuillin (301866-306863) was found in thin section to be a 
quartz-dolerite containing orthopyroxene, a type not represented by 
any other dyke of the present group. Another seam of this dyke 
consisted of' comptonite. The quartz-dolerite~ember is provisionally 
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.treated as a post-mineralisation dyke following an earlier camptonite. 
'!'ABLE 12.1- Field data for Tertiary quartz-dolerite d;vkes exposed 
near Strontian. 
~ Width( ft.) Len~h(f't.) 
EXP. , Une!J2. 
Area( sq. ft.) Trend( des.) Elevation( ft.) 
~- AV .-Range,. Exi> •. Une~. Av. iRanse. Min. Max. 
{a) Individual alkes. 
78 35 20-100 9,000 15,000 250,000450,000 N18W N80W-N40E 150 1,150 
109 30 20-30 110 ? 3,300 ? N5E NlOW-N20E 500 
816 15 ? 150 ? 2,250 ? N30W 400 
A 15 lD-20 1,000 2,200 15,000 33,000 N20W N10W-N50W 200 750 
B 3 ? 5 ? 15 ? ? 
-
1300 
217 5 ? 2,500 ? 12,500 ? N45W N40W-N50W 550 1,000 
{b) Averages and totals. 
6 17 3-100 12,765 17,200 283,065483,000 N24W N80W-N40E 150-1,150 
dykes (total probable area 
(total width,l03 f't). about 760,000 sq.f't). . 
Petrograph.y.- The unweathered rock is grey, medium-grained and 
aphanitic with plagioclase laths and pyroxene grains visible. Pyrite 
spheres were f'ound in two dykes. Dyke edges are strongly chilled at 
exposed contacts and nearby country rocks are never bybridised. 
Two-thirds of' tre type sample {78) consists of plagioclase (see 
Table 12.2), n2 = 1.550 (± 0.002) corresponding to andesine, An44• 
The latter composition was also obtained on Carlsbad-albite twins but 
differs considerably from the normative composition {see Table 12.3). 
The plagioclase in dyke 109 is a labradorite. In all thin sections 
the length of' plagioclase laths shows great variation, in the range 
0.1 to 3.0 mm •• Cracks and twin planes in the laths are followed by 
green chlorophaeite specked with carbonate. Chlorophaeite is 
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FIG . 12 . 1 .- The Glenhurich-Achnalea quartz- dolerite dyke in 
Coire Chaillich (343906) . The dyke makes a ridge at the 
centre of the photograph wi th Druim Glas on the right . 
FIG . 12.2.- The Bellsgrove-An Torra Ban olivine-dolerite 
weathered out from walls (on left and ri~ht of photograph) 
of the Glenhurjch-Achnalea quartz-dolerite which it cuts. 
essentially a mineraloid similar in composition to chlorite (Peacock 
1930,177) occurring in the intrusions of hhe present group as clots 
having translucent edges and showing golden-brown interference colours. 
In dyke 106 same plagioclase laths have zoned cores of chlorophaeite 
and are also replaced by carbonate. Apatite needles as long as 0.5mm. 
penetrate most laths. 
TABLE 12.2.- M·ineral composition of Tertiary quartz-dolerite dykes. 
])yke No. 
Sample No. 78 
-
Av. 
-
Quartz 0.7 50.8 1 3.4 
micropegmatite 
Plagioclase 
Altered 
plagioclase 
61.0 
4.8 
pyroxene 14.4 
Altered pyroxene 2.4 
Qpaque minerals 13.6 
Interstitial 
chbrite 
Carbonate 
amygdale a 
APatite 
Plagioclase 
composition, 
per cent An. 
Av.length of 
plagioclase 
laths,mm. 
1.0 
2.1 
44 
o.s 
52.8 l 50.8 
10.3 
18.7 
2.9 
9.5 10.2 
5.0 13.0 
44 56 
60 
21 
11 
6 
1 
42.0 
9.0 
24.6 
5.4 
13.1 
2.5 
64 
o.a 1.0 o.a 1.0 
Group. 
§.!§. Av. Range. 
3 
l39 
12 
18 
50 
26 
12 
8 
tr. 1 
1-3 
39-60 
21;-30 
11-13 
7-18 
·o-2~ 
56 48-64 
o.5 o.8 o.5-l.o 
Clinopyroxene grains are usually pale green in colour but may be 
brownish-green (109). In the type sample they average 0.3 to 0.4 mm. 
in diameter and some hypautamorphic prisms are 1 mm. long(see fig.l2.3} 
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the fibres being parallel to original pyroxene cleavages and showing 
straight extinction. Some fresh grains of orthopyroxene reach a 
length of 1 mm. Opaque minerals are less p~entiful than in other 
dykes of this group; a few small carbonate amygdales are also present. 
Chilled marginssr the Glenhurich-Achnalea dyke (samples 153 and 
154)are characterised by the presence of plagi6clase phenocrysts, 
1 to 4 mm. in length, having a composition of Ans2-64 and forming 
same 10 per cent of the rocks. The phenocrysts are notably more 
calcic than the plagioclase.of the normal rock. They grade into the 
matrix where the average length of laths is about 0.2 mm. The augite 
of the chilled rock is green in colour and opaque minerals are very 
abundant. A narrow pyrite veinlet in one sample (154) is later than 
all other minerals. Chilled edges are strongly weathered. 
Chlorophaeite is the main alteration product. 
Quartz-dolerite srunples from the surfaces of intrusions are 
strongly weathered. Clinopyroxene is almost entirely replaced by 
green chlorophaeite, presumably a result of hydration under sub-aerial 
weathering conditions. This process would involve expansion which 
would cause fracturing. Plagioclase has been particularly affected 
along directions oblique and parallel to cleavage planes and these 
openings are now occupied by t~e mobile hydrated alteration products 
of augite (c.f. Walker and Poldervaart 1949, 692). Internal 
processes of a similar type may have existed (see Chapter VI). It 
is notable that clay minerals representing the direct alteration 
products of plagioclase are not usually present in large quantity 1n 
weathered rocks. Additional features of weathered samples are that 
some plagioclase is partly albitised and that opaque minerals are 
more common. 
Chemistry.- The analysis of the type sample of this group of dykes 
(78 in Table 12.3) shows a high percentage of Fe2o3• Normative 
pyroxene is consequently poor in iron since most of the FeO is 
required to make magnetite. It is probable that some of the titanium 
in the rock is present as ilmenite (not recovered during the magnetic 
separation of iron~s). There is an appreciable wnount of potassium 
in the rock presumably locat~d in small amounts of orthoclase. The 
normative feldspar is more sodic than was found in thin section. 
The presence of free quartz in the rock is well illustrated by the norm 
The chemical analysis of rock 78 is almost identical with that of a 
Tertiary intrusive from .Ardnamurchan (Guppy and Thomas 1931, 54: 
anal. 204). 
hge-relationships.- The Glenburich-Achnalea dyke meets a W.N.W. quartz 
dolerite of pre-mineralisation type on the south side of Dru~ Glas 
(see fig. 12.6). The former appears to have curved abruptly on to 
the strike continuation of the latter with which it coincides for some 
500 yards before swinging northwards again. The ground evidence 
suggests that the north-south trending dyke displaced the older dyke 
to the north by a few feet and may therefore have been intruded from 
the south. Magnetic anomalies (see T.82 and T.83, fig. 12.6) over 
the ground west of the point where the Tertiary dyke regains its 
northward trend suggest that the older dyke occurs in one of the large 
grassy features along the north side of Beinn Ruighe Raanuill. The 
favourable intrusion line offered by the older dyke may have been left 
by the later dyke for a more accessible structural plane which is not 
- 290 -
·. ··,~ I 
. :-~~ :-~~~~c_: ,. FT&t 
I 
\ 
\ 
\ 
A ~ )~~ ------ ~~----------------------*-------f~ (-I 
-....... ~ ... 
N 
+ 
--- --.--- l 
200 400 
kate In f•et 
--- -cot'lto.....-Ct .. tl• 
· · -·---~--~·feoturea 
== contlnuowa out.crop 
= =41accmtlftUOYa .. 
._ ... 
[l]]]l[D Tertia!")' otlvine-dole,.ite 
-Ter\lorJ qvo~olft"lte 
c:::!m:iC pre-mlneraliaatlon 
('!C:orbonifef'owa) 
q..aortz-dol~trlte ~tyke 
0 .... 
magnetic pl"oflllts ac::oled tn 
I ~ I 
'· .. " . " 
-...,.. •' ~ ----'~ -
'¥,, "U ·.. ', \ ' !~------ '-. 
- -.,, ', ----
- ll_'i '-2<1 . \ ···--!! . -" -- \1 "' ", " 
- ,, ' ' 
' 
•.,_ l' -- .. no, 
· ~- Tn ,, ', w "·, ' II .> ', . .,,_ / ~ /, I ......... -. _'/ -;;_~-, ... I: I ·, ', r ,' \ , .. 
, I , ... , . II \\ •+ '\ 1\ '. \ 
e : , , .... ·. · wi' ''--' 
·',.·-
., .. 
T4 
Ti 
t;ommo 0 1-1-
T mogn~ttomet•r troYerse 
FIG. 12.6.- Uncorrected magnetic anomalies over intrusives in the Bellsgrove district 
seen at the surfaceo Alternatively the departure was controlled 
by the directi'dnal tendency of the Tertiary dyke on intrusion. 
TABLE 12. 3. - Chemical analtses of post-mineralisation dykes of 
· · p:t>o ·able Tert:b.ary age. 
78 61 J:.Q.§. 
CHEMICAL ANALYSES 
Si02 49.8 51.9 47.4 
Al203 13.6 16.9 17.4 
Fe~o3 8 •. 3 5.2 4.5 Fe 6.3 8.2 6.6 
MgO 4.9 5.3 8.1 
OaO 7.3 9.5 11.3 
Na~O 4.2 1.6 1.7 1.3 0.5 0.'7 ~o+ 0.8 o.1 1.1 
H2o- 0.3 0.4 1.3 
Tro2 2.5 2.1 1.1 
P205 0.63 o.lO 0.04 
MnO o.o5 0.24 0.20 
BaO tr. n.d. n.d. 
002 o.3 0.1 0.2 s 0.15 0.11 0.19 
Total (0 for S 
1oo.39 accouhted for 102.22 101.78 
Sp.Gr. 2.99 2.97 2.91 
FeO + Fe 2o3jFeO + ,. Fe 203 + MgO 74.9 71.7 57.8 
C.I.P.W. NORMS 
q_u 3.3 10.7 
or 7.8 2.9 4.5 
ab 35.6 13.5 14.7 
an 14.4 37.4 37.5 
di 12.3 6.9 13.8 
by 6.8 17.3 18.0 
ol 1.4 
mt 12.0 7.5 6.5 
il 4.8 4.0 2.1 
PY 0.6 0.4 0.7 
ap 1.4 0.2 0.3 
cc o.s 0.2 0.5 
C.I.P.W. Symbol III.4.4.4. III.4.4.4. III.5.4.4. 
Normative feldspar or1~b51An25 or5 Ab25An7o OrsA1ffitu166 
Normative pyroxene wo35En63Fs2 Wol5En54Fs31 Wo23En59Fsl8 
The occurrence is a good example of the. potency of the magnetic 
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method of distinguishing intrusives of different age, although 
similar in composition. 
The Glenhurich-Achnalea dyke also appears to cut the Strontian 
Main Vein at Bellsgrove Mine. The dyke has been removed from the 
narrow opencast but there is no sign of mineral vein on the dolerite 
walls and the dyke-rock is not mineralised. A magnetometer traverse 
along the strike of the dyke across the opencas~ did not reveal 
an anomaly of any importance in the working. It is assumed that the 
dyke cuts the mineral vein below the surface. In the hillside south 
of the Strontian River (An Torra Ban,.353871), this same dyke is cut 
by the Bellsgrove-An Torra Ban ~e, an olivine-dolerite of probable 
Tertiary age which has been weathered out from walls of quartz-dolerite 
(see fig. 12.2). A broad, northerly quartz-dolerite d~e appears to 
cut a camptonitic dolerite on the north shore of Loch Sunart about 
1,000 yards E.S.E. of Resipol (237868) although the actual contact 
is not exposed. A dyke of camptonitic dolerite is also cut by a 
Tertiary quartz-dolerite at Salon Pier (see fig. 9.5). Another 
quartz-dolerite cuts a camptonite dyke on the Loch Sunart shore about 
one mile from Salen along the Kilchoan road (195870). 
It seems fairly certain that the group of dykes under discussion 
represent an early stage of Tertiary intrusion in the Loch Sunart 
area and are probably related to the Tertiary igneous centre of Mull. 
Comparison with Per.mo-carbon1ferous quartz-dolerite dykes.- Permo-
carboniferous and Tertiary quartz-dolerite dykes both occur as broad 
dykes, massively jointed and superficially strongly we~thered. The 
two types are petrographically very similar (c.f. dyke averages in 
Tables 5.3 and 12.2) except that the Tertiary dykes are fresher in 
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thin section, usually lack the orthopyroxene found in the earlier 
dykes, and are richer in opaque minerals. The latter fact must in 
the main account for the higher remanent magnetism and high field 
magnetic Slli.Gmalies of the Tertiary dykes. The Glenburich-Acbnalea 
dyke usually yields aopositive anomaly of about 2,000 gamma in both 
gneisses and granites. Ineone place, the dyke was characterised oy a 
marked negative anomaly. Quarts-dolerite dykes of probably Per,mo-
Carboniferous age give anomalies which by comparison do not exceed 
1000 gamma and are always positive (see magnetic profiles on fig.l2.6). 
The Pel'ID.o-oarboniferous dykes trend W.N. w. and never form 
prominent features, contacts are only exposed in streams and adjacent 
country rocks have been strongly fused. Chilled edges are not 
developed and dyke margins are occupied by large volumes of carbonate. 
These dykes appear to have been extremely hot on intrusion and have 
also acted as channels for later mineralisation. Tertiary quartz-
dolerite dykes on the other h~d usually trend N.N.W. and chilled edges 
are developed against country rocks which are ~ver fused. 
through the mineral veins. 
NORMAL DOLERITE DYKES 
They cut 
Occurrence.- About a dozen dykes of the Loch Sunart dyke sample 
are narrow, north-south trending normal dolerites(for definition see 
Chapter VI). Three cross the Strantian Main Vein at Whiteamith Mines' 
western opencast. The dyke at.the west end of the opencas~ (352893) 
alters course from N.20° w. to N. 70° w. across the mine working. 
The type sample ( 61) of Tertiary normal doleri tes was taken from the 
centre of this dyke at the opencast junction. Sample 60 was taken 
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FIG . 12 . 7 . - View looking north of the area south of the 
Bellsgrove Mines ( 34/88) . North- south running features at 
each side of the photograph contain basic dykes traced by 
magnetometer through the moraine in the foreground. 
FIG . 12 . 8.- Post-mineral isation normal dolerite dyke in 
the north wall of · tesmi th ldnes ' opencast (334893). 
:t'rom the northern edge of' the dyke near the vein contact. Vein 
material has been worked several :t'eet west of' this point and there 
is no evidence of' displacement of' the vein by the dyke although the 
dyke (Wilson 1921, 88) "is said to throw the vein several :t'athoms 
to the north". 
A second normal dolerite is exposed on both walls of' Whitesmith 
opencast, 90 yards :t'rom the east end of' the workings (see :t'ig. 12.8). 
A 1-foot sinistral movement bas taken place in the dyke across the 
vein. Sample 55 was taken :t'rom the south wall of' the opencast 
(334893) and sample 64 1000 :t'eet due south :t'rom the dyke continuation 
in a tributary to Allt a' Choire Dhuibh. Together with the :t'irst-
mentioned dyke, this normal dolerite shows no strike alteration on 
piercing the northern edge of' the Strontian Granite. Large magnetic 
anomalies obtained on east-west traverses over the ground south of 
Wbijesmith Mines (see Plate 1) suggest continuation of' one of the two 
dykes southwards. The third normal dolerite at Whitesmith Mines cuts 
the vein 60 yards :t'rom the east eiid e:t' the opencast. The dyke has 
\Jeen displaced about 4 feet sinistrally across the working. Sample 
' 
51 was taken from a horse of' dyke~rock in the openoast and sample 52 
from the chilled edge of the dyke against mineral vein. A 6-foot 
dyke (A 1n Table 12.4) outcropping for about 150 yards along Allt na 
Meil'll'l.e (332881) e,t Scetstown may represent the southerly conti:rmatien 
of one of the Whi tesmi th normal doleri tea. Two short outcrops of 
north-south trending normal dolerite {35 and B in Table 12.4) occurring 
in the lower course of Allt a'Ohoire Dhuibh {331885) appear to end at 
mineralised westerly Permo-Carboniferous dolerites {see fig.6.1) but 
the nature of the contacts are obscured. A fUrther dyke {63) is 
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exposed in the west side of the gully continuation (possibly marking 
a fault) of the Armstrong Vein (337894). A normal dolerite of 
roughly similar trend outcropping about half a mile N.W. may represent 
an extension of dyke 63 but other field and thin section characteristi~ 
warrant inclusion of this dyke with pre-mineralisation normal 
dolerite a. 
TABlE 12.4r- Field data for Tertiary normal doleri·te dykes exposed 
near Strontian. 
P.l.£!, Width(ft.) Lensth(ft.) 
!!• Av. Range. Ex;P., Unexp. 
Area(sq.ft.) Trend(deg.) fievatiep.,ft.) 
Exp. Unexp. Av. , Range. n. Md. 
61 2:l 2t-4 
56 4 -
51 6 
63 4 -
A 6 6-7 
36 3 -
B 4 -
122 6 4-8 
568 6 4-6 
(a) Individual ])ykes. 
6000!Il,200 1,660 3,300 N30W N10W-N60W 860 1,250 
800 1,'100 3,200 6,800 N NlOE-NlOW 600 1,200 
30 20 160 100 N20W 1,100 
30 ? 120 ? N50W 1,200 
450 50 2,700 300 N5W 400 
6 6 16 16 N10W 530 
6 5 20 20 NlOW 620 
1,200~,000 '19 20036,000 N30W ?1,260 2,450 
700?1,300 3,500 6,500 N N-NlOW 200 ? 760 
{b) Averages and totals. 
9 4t 2i-8 3, 820 JO, 280 18,556 53,036 N23W NlOE-N60W 200 2,460 
dykes (total probable area 
(total width,40 ft.) about 70,000 sq.f't.) 
A normal dolerite (567 ,588) occupies the stream bed of the 
first right bank tributary to Carnoch River downstream from Allt a' 
Che1t: (377838). A dyke of normal dolerite (122) ezposed a,cross the 
head of Choire a'Chothruim (406853) is marked on Geological Sheet 53 
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as a Tertiary dolerite continued south-eastwards to Allt Daraich 
(419857). A two-foot dyke was found at the latter locality. A 
weathered fine-grained normal dolerite (1072) cutting a qaartz-
dolerite boss at Camasinas (see fig. 9.4) on the north shore of Loch 
Sunart ( 165844) runs north in the margins of the boas and east in the 
central parts. The two directions followed by the dyke correspond 
to major joints in the boss. Two short exposures of normal dolerite 
(148) outcrop on either side of Lurga Vein 1n the burn 300 yards 
w. 5° N. of Lurga (240787). The stream centre is obscured but dyke 
cuts vein on the stream banks. As in the case of sane of the 
Whitesmith normal dolerites there appears to have been a sideways 
shift in the course of the dyke a~ross the vein. This movement may 
be related to slight movements of post-dyke age along mineral veins, 
or directional alteration on intrusion due to marked changes in the 
trype of country rock. ·The latter is probably the case since the 
dykes are never sheared or brecciated. 
--~--
Petrograph.y. - Tertiary normal dolerites are fresh, grey, fine to 
small-grained non-porphyritic aphanitic rocks composed essentially of 
labradorite and augite. Mineralogical data for some of the 
sectioned dykes is contained in Table 12.5. 
About one-half of the type sample (61) consists of plagioclase, 
~ = 1.558 - 1.561 (! 0.002) corresponding to labradorite, An57-63• 
The composition obtained on Carlsbad-albite twins in thib section(see 
Table 12.5) is that of a lath 0.5 mm. in length. Presumably the 
smaller laths are less calcic, the range in length being 0.1 to 0.6 mm.. 
Plagioclase laths are slender and divergent. Small hypautomorphic 
graias of subeo,hitic to intergranular clinopyroxene average about 0.2mm . 
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N.B. Group quantities include only the averages of' dykes sampled more than once. 
across (see fig. 12.4)i There is a small amount of clay minerals 
associated with plagioclase and augite grain edges are usually 
darkened due to alteration. The clinopyroxene has the following 
optics: 
Colour bu~g' to pale green; ~A c = 44° (maxinrum of 10 measurements 
on grains in rock powder); n~ = 1.679 (± 0.002); 2 V(+) = 40 to 
45° (exact measurement impossible because of fine-grained 
character and degree of alteration); Composition- Ca36Mg54Fe10 
(Hess 1949, Plate I and Muir 1951, fig.4) assuming 2V = 440; tbe 
clinopyroxene falls on the boundary between the endiopside and 
augite fields of Hess (1941, fig.l). 
Opaque minerals average 0.1 mm. across and are probably titaniferous 
magnetite. Some interstitial green chlorite may be related to augite 
alteration. Deep green chlorite fringes carbonate in vesicles found 
in some of the dykes (see Table 12.5). Carbonate also occurs central 
to large, spherical pieces of chilled rock, up to 5 mm. across, 
consisting mainly of green chlorite which forms a matrix to very fine-
grained opaque dendrites and plagioclase laths. The chlorite may 
have altered from a glassy matrix or fine-grained augite. It may be 
accompanied by small fibres of brown hornblende. The patches of 
fine-grained rock presumably represent autobrecciated pieces of 
chilled margin which were rolled in theddlerite magma before final 
solidification. Magmatic corrosion of original fragments is 
suggested by their now spherical outline and the moul<?-ing of 
plagioclase laths of normal rock around them. There is usually no 
gradation from normal rock to included chilled rock. 
Small hypautomorphic pseudomorphs of fibrous, greenish-brown 
chlorite found in several of the dykesswere possibly original olivine~ 
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Bowlingite was probably an intermediat$ stage of magmatic alteration. 
Several tiny bowlingite pseudomorphs occur in the chilled edge (62) 
of one dyke. The presence of what appear to be corroded relic 
pseudomorphs ai'ter olivine may be taken to imply a change f'ran slight 
undersaturation to slight oversaturation in the magma of nor.mal 
dolerites. Quartz was not found in any of the dykes but is present 
in the norm of the analysed type sample ( 61 in Table 12. 3). 
Chilled edges of normal dolerite dykes are more altered than 
normal rock with green chlorite abundant. Augite is seldom found 
fresh excepting as small phenocrysts (667) and the abundance of opaque 
minerals in chilled rook may be partly related to alteration of clino-
pyroxene to chlorite and iron-titanium oxides. In one chilled edge 
(62), there are heterogeneous patches consisting of fresh laths of 
andesine-labradorite set in green chlorite which is brown amd amorphous 
at .discredie contacts with normal chilled rodk:. The fresh plagioclase 
has probably recrystallized and the patches of rock in which it occurs 
may represent recrystallized pieces of autobrecciated chilled edge set 
in normal chilled rock. Sample 62 (taken at the ~e contact with 
the Strontian Main Vein) is notably free of carbonate. At· the same 
time there does not appear to have been any thermal or other 
alteration of the contents of the mineral vein by the dyke. This 
conclusion is snpported by the nature of the contacts between mineral 
veins and normal dolerite dykes elsewhere. The temperature of the 
dykes on intrusion could.not have exceeded the temperature of 
dissociation of calcite (after taking into account tbe influence of 
other minerals present in the veins, the pressure developed at the 
original intrusion depth of the present exposures and the role of 
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fluids of both dyke and mineral vein origin). 
Chemistry. - The chemical analysis of the type sample (61 in Table 
12.3) is marked by fairly high Si02 and A12o3, MgO subordinate to CaO 
and low NSSO and ~0~ It is comparable with that of Tertiary 
tholeiite dykes of Brunton type from Salen, Mull (Guppy and Thomas 
1931, 71: anal. 293, 294) and shows few differences' fr~ Watrmr' s 
average scottish Permo-carboniferous tholeiite (1936, 152). Tertiary 
normal dolerites in the Loch sunart area are very probably represents~ 
ef tholeiite dykes of the Mull swarm (although petrographically they 
are not true tholeiites). Free quartz forms 10 per cent of the norm 
of analysis 61 but was not found in thin section. Normative 
pyroxene is notably rich in iron. Water is almost negligible in the 
analysis. The chemical characteristics of Tertiary normal dolerites 
appear to fall between those of Tertiary quartz-dolerites and Tertiary 
o1ivine-dolerites. 
ABe-relationships. - A rather weathered Tertiary normal dolerite 
(1072) cuts a quartz-dolerite boss and a cmnptonite dyke at Camasinas 
(see fig. 9.3). The Whitesm1th normal dolerites cross hornblende-
bearing olivine-dolerites followed by the Strontian Main Vein and the 
Lurga Vein is cut by a ccyke of norm1,1l do.lerite. Although these 
normal dolerites are definitely later than probable Permo-carboniferous 
intrusions and are never mineralised, age-relationshi:Ps with other 
Tertiary dykes are unknown. Upon the basis of their ~etrographical 
and chemical characteristics they are placed provisionally between tbe 
quartz-dolerites and olivine-dolerites in the intrusion sequence, but 
it is notable that the Mull tholeiites cut olivine-basalt dykes 
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(Bailey 1934, 359) which may represent the olivine-dolerites o:f probab::e 
Tertiary age in the Loch Sunart area. 
Cowarison with Permo-Carboniferous normal ·dolerite dykes. - The 
dykes of the present greup are characteristically :fresh, N.N.W. 
trending dolerites possessing high positive magnetic anomalies. 
Per.moSOarboniferous normal dolerites usually have a westerly strike, 
sometimes oceur mineralised and y'eld low positive magnetic anomalies. 
They are generally weathered and sometimes grade into Permo-Carboni:fer-
ous dykes of other types. Despite these differences, some north-
westerly normal dolerites which are fairly fresh in thin section,e.g. 
dyke 63 (classed as Tertiary) and dyke 369 (classed as Permo-
Carboniferous), may be included in either group o:f normal dolerites 
when significant evidence of age-relationships cannot be :found. 
Many of the petrographical characteristics of both sets of dykes are 
remarkably similar (c.f. Tables 6.2 and 12.5). 
. . 
OLIVmE-DOLERITE DYKES 
Occurrence. - A small n'WJlber o:f north-south trending dolerites 
containing unaltered olivine in thin section were found near Strontian. 
They are almost certainly Tertiary olivine-dolerites of the Mull 
swarm. As in the ease of probable Tertiary quartz-dolerites, they 
increase greatly in number towards Ardnamurehan. 
The outstanding member of this group in the Loch Sunart area has 
been labelled the Bellsgrove-An Torra Ban dyke (see Plate 1). Like 
the Glenhurieh-Achnalea dyke (see above) with which it runs parallel 
for most Qf its outcrop 9 this dyke is broad and sinuous and expQsed 
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for only a small part of its total length (see Table 12.6). The 
northernmost outcrop of the dyke occurs 200 yards N. of Bellsgrove 
Mines (347894) but the moderate negative anomaly characteristic of 
the dyke outcrop was obtained on traverses (see T.4 and T.l3, fig. 
~ i . 12.6} through topographical features for a ~rther ~ mdle to tbe north. 
The dyke was also traced by magnetometer along a discontinuous, 
parallel-sided ravine running in tonalite south of the mines (see 
fig. 12.7} to the middle course of the Garabh Allt which follows the 
dyke to the Strontian River. The stream exposures demonstrate 
intrusion of the dyke along tonalite joint planes, the dyke having 
been cleanly eroded from rectangular walls of tonalite. The ravine 
fades out immediately the stream leaves the dyke. Longitudinal and 
cross joints are well developed in the dyke rock. The former are 
followed by narrow seams of carbonate, and like the dyke contacts, 
hade steeply west. The southernmost exposure of the dyke is on the 
south side of the Strontian Valley (353871) where the dyke cuts the 
Glenburich-Achnalea quartz-dolerite (see fig. 12.2). 
The type sang;>le (106) of this group of dykes was taken 5 feet 
from the west side of the Bellsgrove-An Torra Ban dyke in the easterly 
branch of the Garabh Allt, 70 yards upstream from the fork in the 
lower middle . course of the stream ( 348877). The dyke at this point 
cuts a camptonite dyke (107) exposed in a small tunnel on its west 
side. Another sample (108) was taken 450 yards upstream and a third 
(327) fram the dyke outcrop in Bellsgrove Mines' opencast. The foot 
wall of.the dyke is magnificently exposed in the working as an 
undulating wall against sheared injection gneiss. The marginal 
dolerite is strongly chilled, closely jointed and deeply weathered. 
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TABLE 12.6.- Field data for Tertiary olivine~dolerite ~ykes exposed 
near strontian. 
P.lJ!. No. 
-
106 
123 
362 
449 
1096 
1084 
107'7 
7 
eykes 
!fidth,ft.) 
Av. Ran.ge. 
20 15-30 
8 
3i 3-4 
7 
-
4 
4 3-5 
2 
7 
Len~a,ft.) Area{ BSL• ft.) Trend,des.~ .il~vatioB( ft ~ 
Exp. Une:xp. Exp. Unex:p. Av. Range. Min. Max. 
(a) Individual gz~es. 
2,600 7,500 50,000 160,000 Nl7W NlOE-N60W 150 1,000 
200 ?300 1,600 2,400 N20W 500 550 
50 50 175 175 NlOE 700 
100 "ili, 000 700 28,000 N60W 550 800 
100 300 400 1,200 NlOW 100 160 
50 ?100 200 400 NSOW 
-
10 
50 ?100 100 200 NlOW 
-
2,760 
(b) Avera~es and tetals. 
3,05012,350 53,175 182,375 N27W Nl0E-N80W 10 2,750 
. (total width,48ft.) 
(total probable area 
about 240,000 sq.ft. ). 
A narrow olivine~dolerite (362) of this grcmp cuts a quartz-
dolerite eyke of the Parma-Carboniferous Bellsgrove-Inversanda dyke 
system in the middle course of Allt Ruighe Spardain (362889). It 
eor.ms a relatively resistant ridge in the qu~tz-dolerite against 
w~h it is chilled. A W.N.W. dolerite (449) exposed in the lower 
course of Allt an Fhasaidh (338859) contains fresh oliving in thin 
section. Similar roc},t outcrops in the same stream, 1,200 yards E. S.E •• 
A dyke (1077) of this group crossing the sUDJDlf.t of Ben Resipol 
(277888), and another exposed on the south shore of Loch Sunart at 
Rudha an t-Salainn (276833) demonstrate a difference of height of 
exposure of nearlY 3,000 feet. Two north-south trending olivine-
dolerite dykes occur in injection gneisses north of Inversanda. 
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TABLE 12.7.- Mineral composition of Tertiary olivine-dolerite ~ykes. 
Dfke No. 106 ) 
SamPle No. !2§. 108 ~ A!.!_ )~ ~ i1! !Q2§.. m 
1 Plagioclase phenoo~sts - • ~ 15.9 
2 Matrical plagioclase 51.3 40.2 42.9 44.8 47.3 37.2 38.8 42.8 31.1 
3 Clinopyroxene 24.4 27.2 26.3 26.0 26.8 25.9 32.8 33.8 36.5 
4 Fresh & altered olivine 15.0 17.9 16.7 16.5 10.4 16.1 21.4 11.0 7.8 
5 Opaque mdnerals 5.1 8.6 4.0 5.9 5.5 9.6 6.5 5.2 5.6 
6 Chlorite 4.2 6.1 3.9 4.7 6.0 11.2 0.5 7.2 3.1 
7 Amygdalae 6.2 2.1 ~.o -
8 Plagioclase camposition,(~heno~rysts­
per cent An 2 matr1cal 70 
9 Average length~hemaeysts = 
of plagioclases matrical 0.5 
laths, mm. -
10 Average dthamf)t.er of o. 3 
olivine a, imn. 
70 68 
-0.5 0~4 
0.3 0.3 
- -70 62 62 
0.5 0.5 0.5 
0.3 0.5 0.4 
-
80 
70 70 68 
2.0 
0.5 0.5 0.2 
0.4 0.3 0.3 
pzke No. 
Sample No. 
~ 151 1077 1084 Seams in Rudha Aird Beithe mult~~ke Grogp 
- - - ~ ~ lQ2J..x ~ 2853B lQJJZ 285&0 J\V.Rg§ 
1 2.8 3.7 12.9 19.7 10 -. 4t o.il6 2 48.4 27.8 35.2 25 46.0 35 29.2 28.3 30 37.1 38 2~ 3 24.5 54.3 36.3 46 29.9 35 54.3 ~6.1 45 41.4 33 24-5':1: 
4 14.0 5.2 10.7 10 18.9 8 8.9 7.7 4 11.9 13 5-21 5 5.0 4.7 2.7 8 4.9 5 5.7 4.0 5 5.8 5! · 3-J.O 6 5.3 4.3 2.2 12 6.3 13 1.9 3.2 6 3.-s 5 t-D. 7 
- -
5 4 
-
1 0-5 
8 a 66 
-
qe 
- -
66..00 0 58 68 70 56 66 56 68 68 66 58-?0 
-
9 a 1.0 1.0 2.0 1-2 0 0.2 0.2 0.4 0.2 0.5 0.3 0.2 0.2 0.1 o. 3 0.4 0.2..0. 5 
10 0.2 0.3 0.3 0.2 0.5 0.3 0.2 0.5 0.2 o. 5 0.4 a. 2-Q5 
Note: Xmode estimated; 1026, 1021, 1020 and 1018 are SSIJi>les ot: 
chilled edges not included in the group quantities. 
A broad dyke outcropping on the north shore of Loch Sunart at 
Rudha Aird Beithe (214872) consists of three seams of olivine-dolerite 
chilled against and separated by chilled olivine-dolerite (see fig. 
12.9 and the topographical profile on fig. 12.11). The dolerite 
seams appear to be part of a multiple dyke of Tertiary olivine-dolerite 
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FIG. 12.9 .- Multiple olivine-dolerite dyke at Rudha Aird 
Beithe (214872) seen from the S.E . "Screens" of chilled 
rock have been weathered out between seams of normal rock. 
The rucsack rests on a camptonite dyke, within the group. 
FIG. 12.10.- The easternmost seam of the above dyke chilled 
against a horse of schist (hammer on contact) and a screen 
of wholly chilled dolerite on the left of the photograph. 
which followed an earlier camptonite, although the exact contact 
relationships between dolerite and camptonite have not been elucidated. 
Lenses of schist also occur between the dolerite seams (see fig. 12.10} 
Two olivine-dolerites assigned to the present group were sampled 
south of LOch Sunart. tine (151) is exposed in the~irst left bank 
tributary to Allt Beitheach downstream from Beach (273763) and the 
other (143) cuts the Lurga Vein, 120 yards W.5~.of ~rga (242787). 
PetrograPhy• - Tertiary olivine-dolerites are fresh, dark, small-
grained aphanitic dyke-rocks, sometimes plagioclase-phyric and sometimes 
amygdale~ DYke edges are strongly chilled. 
Plagioclase laths in the type sample (106) are slender and 
unaltered, varying from 0.1 to 1.5 mm. in length without the develop-
ment of phenocrysts. The plagioclase has n2 = 1.566 (! 0.002), 
corresponding to a composition of sodic bytownite, An72, very similar 
to the composition obtained on Carlsbad-albite twins (see Table 12.7). 
Plagioclase phenocrists occurring in other dykes grade in size into 
the plagioclase laths of the matrix and are comparatively more calcic. 
They are usually composite or glomeropbyric, packed with inclusions 
and gas bubbles and marginally corroded ( 1077 and 2853B). Ophitic 
plates of clinop~roxene average 0.2 to 0.5 m.~. across and sometimes 
reac~ 2.0 mm. (see fig. 12.5). They are occasionally twinned and 
zoned. Small amounts of faintly pleochroic orthopyroxene (327) or 
hypautomorphic, violet-tinged clinopyroxene ( 143) may be pre sent. 
The clinopyroxene of the type sample has the folloQng optics: 
Colour, pale green; lAc = 44° (tliaximum. of 3 readings); nt' = 1. 687 
~ 0.002); 2V (+) = 38° (average of 3 grains); composition-
oa33• 5 Mg4g. 5 Fe17 (Hess 1949, Plate I), Ca34.5 Ms4a.s Fe17 
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(Muir 1961, fig.4); the clinopyroxene falls in the augite field of 
Hess (1941, fig.l). 
The olivine of this group of dolerites occurs as small, automorphic 
grains (see Table 12.7), fringed and veined by serpentine, or as 
hexagonal pseudomorphs in dark-green serpentine, dense green chlorite, 
or fibrous green bowlingite. In the type sample, unaltered olivine 
has 2V(+) about goo and a normative composition of Fo7oFa30 (see 106 
in Table 12.3). Olivine is usually subsidiary .in amount to clino-
pyroxene; the low proportion of olivine in dyke 1077, exposed at a 
height of 2,750 feet, may signify a certain degree of gravitative 
differentiation among olivine-dolerites. Chilled edges are also 
relatively poor in olivine compared with dyke centres. This feature, 
and the small grain-size of olivine in olivine-dolerites, suggests 
that olivine crystallized at much the same time as other minerals 
present. The variety of alteration products associated with olivine 
is probably due to the activity of bot~ late-magmatic fluids and 
superficial weathering processes. Bowlingite and chlorite pseudo-
morphs are attributed to processes of interilal alteration whilst 
veinlets and patches of green and yellow serpentine developed in both 
fresh olivine grains and bowlingite pseudomorphs are probably due to 
weathering. The darkened edges of some oliv~e grains may represent 
either magmatic corrosion or an early stage of weathering. 
The opaque minerals of olivine-dolerites are mainly iron•titanium 
oxides, fine-grained, xenomorphic and scarce, sometimes accompanied by 
a few pyrite crystals (143). The low field magnetic anomalies of 
olivine-dolerites are a result of the small amounts of iron oxides 
they contain. Opaque dendrites follow the cleavages of clinopyroxene 
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when tne latter is altered to any extent. Interstitial chlorite is 
usuall~ present in small ammunt and is particularly common at the 
margins_of olivine pseudomorphs and amygdales. The latter are often 
bordered by narrow rims of fine-grailied dolerite, pres'Wilably due to 
retarded cr~stallization in a relatively cold environment. Accessory 
minerals such as apatite are rare (c.f. normative apatite, 106 in 
Table 12.3). 
vesicles are particularl~ common in sample 327 of.the Bellsgrove-
An Torra Ban dyke where it meets the Strontian Main Vein. The~ are 
spherical i~ shape, var~ing from 0.2 to 3.0 mm. in diameter and filled 
completely with carbonate rimmed by rosette chlorite. The 2-3 per 
cent of amygdale carbonate in the rock may possibl~ be related to 
some small remobilisation of vein carbonate b~ the heat of dyke 
iatrusion. Chlorite darkened against carbonate in the amygdales 
suggests meta§Unatic replacement of chlorite by carbonate. Narrow 
uarbonate veinle:ts crossing the .amygdales of certain s~les ( 327, 123) 
however, have not altered the chlorite contents. Clinopyroxene was 
in places found to be altered at amygdale contacts ( 327). Rare 
constituents of the amygdales of Tertiary olivine-dolerites are 
analcite (161), fibrous ze,olites (198) and vermicular brown chlorite 
(143). 
Persistent narrow carbonate veinlets following longitudinal 
joints of part of the Bellsgrove-An Torra Ban dyke may be regarded 
either as late magmatic joint fillings or as a rejuvenation of the 
earlier main phase of mineralisation in the Loch Sunart area. Fossil 
hydrothermal waters rich in carbon-dioxide remnant from the principal 
mineralisation m~ have escapad upwards along the well-developed 
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joints of the ~e (c.f. Dunhwn 1962, 419), though no very probable 
reservoir for such waters presents itself in this case. 
An example of the petrographical variation across Tertiary 
olivine-dolerites is· given in fige 12ell which summarises the 
petrography o:f the seams and intermittent chilled "screens" of the 
Rudha Aird Beithe multiple dyke. Chilled rock is characterised by 
stronger weathering, total alteration of olivines, increase in the 
augite:olivine rat~o and a more sodic plagioclase composition by 
comparison with central specimens of olivine-dolerite. 
Chemistry.- The presence of a large proportion of anisotropic mafic 
minerals in Tertiary olivine-dolerites is r~flected in the high values 
for A12o3 , cao and MgO in the analysis of the type sample (106 in 
Table 12.3). Only a small amount of olivine appears in the norm. and 
normative plagioclase is a little more sodic than the actual plagioclase 
composition. Magnetite and ilmenite are also relatively scarce·and 
apatite and calcite insignificant. The chemical analysis is 
comparable with the Porphyritic Central Type ot Mull at 47 per cent 
Si02 (Bailey 1924, fig.3), and with actual analyses of Tertiary 
olivine-dolerites from Mull and Skye (Gupp~y and Thomas 1931, 74-76: 
anals. 280, 286 and 289). Though similar to 'that ot pre-mineralisation 
olivine-dolerite in the Loch Sunart area (189 in Table 7.6) there are 
differences in A12o3 , water and the CaO:MgO ratio. 
Age-relationships. - North-south trending olivine-dolerite dykes 
cut the Strontian Main Vein and the Lurga Vein. They are also later 
than pre-mineralisation intrusions of quartz-dolerite end eamptonite 
and post-mineralisation quartz-dolerite dykes. Although no field 
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FIG. 1 2. 11.- Petrographical variation across the Rud.ha Aird Bei the dyl<:e 
relationships between olivine-dolerites and normal dolerites of 
probable Tertiary age occurring in the Loch Sunart area have been 
found, tholeiite dykes of several types cut porphyritic and non-
porphyritic olivine-basalt dykes on Mull (Bailey 1924, 359). 
The dykes of the present group appear to represent an extension 
of the Tertiary Mull swarm of dykes of either the Plateau Basalt 
l Magma-Type or the Porphyritic Central Magma-Type. They lack the 
PaDPl1ehc1a~gite described from many Qpkes of the first type (op.ei~, 
368) and show teMtural differencesto members of the second (op. cit., 
369). 
Comparison w;ith Permo .. carboniferous olivine-dolerite dykes.- Tertiary 
olivine-dolerites are fresh, north-south trending post-mineralisation 
dykes, characterised by the presence of unaltered olivine and an 
ophitic texture in thin section. Earlie~livine-dolerites have a 
westerly trend, are often heavily weathered and. sometimes occur 
mineralised. They contain larger proportions of chlorite, iron o~s 
and amygdale minerals (c.f. Tables 7.2 and 12.7). Olivine is 
characteristically pseudomorphed 1n bowlingite, the clinopyroxene is 
colourless or pale-brown and the texture is usually intergranular. 
Chemical differences have already been discussed. Field magnetic 
anomalies of the two sets e>f dykes are very similar in magnitude. 
Those of the earlier dykes however, may be either positive or negativ~, 
while the anomaly of the Bellsgrove-An Torra Ban dyke was always 
~ound to be negative in character. 
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C H A P T E R ~<XIII 
• ..
COMPARATIVE DATA ON MINERALISED DYKES FROM OTHER PARTS OF BRI!TAIN 
INVESTIGATIONS AT BLACKCR.A.IG MINE, KIRCUDBRIGHTSHIHE 
Occurrence .• - The site of East and West Blackcraig Mines is marked 
by a series of mineral dumps on Blackcraig Hill, some 2t miles S.E. 
of Newton Stewart, in Kircudbrightshire (Wilson 1921, fig.6). 
Together with numerous other lead-zinc-copper mines on the south and 
east sides of the Cairnsmo;re of Fleet Granite, they have been fully 
described by Wilson. Country rocks o:f the Blackcraig Mines are the 
Lower or Moffat Black Shale Group and the lower part o:f the overlying 
Queensberr,y Grit G~(~. Geol. Surv. 1878), divisions o:f the Lower 
Silurian sediments of this area. The sediments exposed on Blackcraig 
Hill are mainly blocky, quartzose greywaekes, usually dipping steeply 
to the N.w •• Quartz veins, sometimes with traces of pyrite~, are 
\ 
common. 
The mine workings are drained by a cross-cut adit level driven 
from the base o:f the N.w. side of Blackcraig Hill, but the writer 
learned from Mr. Pironi, a local inhabitant interested in re-opening~' 
the mines, that the main stope is now inaccessible fran the adit as a 
result of recent rock-falls. In Wilson's account of the underground 
workings,:, ( op. cit. , 51), the vein occup_;i.es a broad shatter belt, in 
places on either side o:f a sinuous basalt dyke (op.cit., fig.7). 
The main pockets of ore are reported to have occurred between the 
walls of the vein and the concave side of the dyke, suggesting a high 
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degree of ;::;structural control of mineralisation by the dyke. It 
seems probable from Wilson's description, that the basalt dyke 
intruded a shatter belt in Silurian rocks which was later mineralised, 
particularly near the dyke contacts. 
The mine dumps on Blackcraig Hill (see fig. 13.1) follow the 
underground trend of the vein and dyke, neither. of which are e xposed. 
Palnure and Cairnsmore mines are possibly an eastward extension of 
the Blackcraig ~orkings. Gangue minerals occur in a narrow zane of 
weathered mylonite for some 200 yards in the first left-bank tributary 
of Graddock Burn, near Cairnsmore. This line of dislocation may mark 
a fUrther eastward extension of the Blackcraig shatter-belt. 
The volume of dyke rock on Blackcraig Hill is very large, taking 
it to represent about 5 per cent of the ~ump materials. The dyke-roCk 
is undoubtedly all of the same type and can be related unhesitatingly 
to the basalt dyke underground. 
Petrography and mineralisation of the Blackcraig Mine ~yke. - A 
number of specimens were collected from the mine dumps after careful 
examination of all the dumps for a full range of macroscopic variation 
in the dyke-rock. Despite the large volume of dyke-rock present, no 
specimens of the pale coloured rock characteristic of mineralised 
basic ~kes could be obtained. The dyke-rock is a dark grey, fine 
to small-grained, microporpbyritic dolerite, usually amygdaloidal. 
More weathered s~ples are a shade paler in colour. 
AmYgdales reach 5 em. across in hand spec~en and usually contain 
crystalline carbonate. Open vesicles are frequently found,sanetimes 
with a narrow carbonate rim. Groups of carbonate crystals also occur 
in the dyke-rock outside the vesicles. Short carbanate veinlets up 
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FIG. 13.1.- General view of Blackcraig Mine dumps 
looking eastwards towards the valley of Palnure Burn . 
FIG. 13.2 .- Blackcraig Mine dyke 
Small olivine pseudomorphs in an olivine-dolerite 
I 
consisting mainly of labradorite , augite and dJTo,n. oxides. 
to 3 mm. across are common. Large blocks of dyke rock have joint 
planes coated with thin layers of carbonate. Patches of pJ"riteL 
crystals within nor.mal dyke-rock were also found. Although the 
evidence recorded from the workings suggests that the Blackcraig vein 
is later than the dyke, the proportion and mode of occurrence of 
carbonate within actual dyke rock does not confir.m mineralisalton of 
the dyke with certainty. 
Thin sections of five samples (1120-1124) chosen to demonstrate 
the broadest range of alteration available in dump specimens support 
the conclusion from examination of hand specimens that the Blackcraig 
dyke is never more than weakly mineralised. The freshest of the 
sliced samples (1120) is a rather weathered, amygdaloidal oliv,Be 
dolerite (see fig. 13.2). Modal and chemical data for this rock are 
given in Table 13.1. 
The plagioclase of sample 1120 makes diverging laths, 0.1 - 0.2 
mm. in length (0.4 mm. at a maximum). Lath cores are altered to 
granular, brownish-green chlorite. The plagioclase has n2 =(1.556(± 
0.002) approximating to a composition of An52_54 , sodic labradorite. 
A certain amount of albitisation may have taken place. Buff-coloured 
clinopyroxene grains average 0.1 mm. across and are sub-ophitic or 
intergranular in habit. Associated alteration to green chlorite has 
been included under augite in the mode (see Table 13.1). A small 
amount of vermicular, dark-brown chlorite occurs in the neighbourhood 
of amygdales. Fine-grained, iron-titanium oxides are fairly common. 
Individual grains are occasionally partly altered to leucoxene. 
Thin veinlets of pyrite¥ are also present. 
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!ABLE 13,1, - Chemical and related anal{ses of Blackcraig Mine 
oiivine-doleri e (1120) 
CHEMICAL ANALYSIS 
45.3 
15.4 
4.2 
8.3 
6.1 
9.3 
1.7 
0.3 
0.32 
0.19 
2.4 
2.4 
2.5 
1.0 
0.17 
Total(O for 99.64 
S accountal 
for) 
Sp.Gr. 2.74 
MODE 
Plagioclase 49.2 
Clinopyroxene 18.0 
OliviD.e 
pseudomorphs 20.4 
Iron-titanium 
0xides 7.6 
AmYgdales 6.8 
C,I.P.W. NORM 
qu 
or 
ab 
an 
di 
by 
mt 
il 
PY 
ap 
cc 
6.1 
1.8l 14.4 49.9 feldspar 
33.7 
2i:! ~24.5 pyroxene 6.ll . 4. 6 11. 3 rbpe.quet1Il~merals 
0.6 
0.8 
2.3 
O.I.P.W. Symbol: III.4.4.4. 
Normative feldspar:" Or4Ab2gAn57 
Normative pyroxene: Wo7En61Fs32 
The olivine pseudomorphs of this rock are small and not readily 
distinguishable from interstitial chlorite. They consist of dark 
green chlorite and usually measure 0.1 - 0.2 mm. across. Amygdale a 
present have well-defined rims, usually consisting of' vermicUlar, 
0 brown chlorphaei te with frayed edges to central carbonate. In tm 
rock powder, crystalline carbonate has n1V= 1.668 (± 0.002), 
corresponding to calcite. A few small resorption crystalloids of' 
carbonate were found to have~= 1.680 (± 0.002), corresponding by 
contrast to dolomite. The latter is presumably present in the 
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matrix of the rock and may be a product of weak mineralisation. 
Most of the carbonate in the rock powder is nevertheless crystalline 
calcite. Where, in thin section, it is in contact with chlorite 
resettes in the amygdales, it is noticeably dark and granular, 
suggesting replacement of chlorite by calcite. Dolerite occurring 
at the edges of amygdales is usually more fine~grained than elsewhere 
and clinopyroxene is also more altered. 
Thin carbonate veinlets cut all other minerals of sample 1120. 
They are irregular and have probably followed narrow cracks in the 
dyke. Some terminate in amygdaloidal carbonate which they appear 
to cut, and others encircle amygdales. In one amygdale, a large 
piece of pyrite~'-~ has an outer indented edge against peripheral 
chlorophaeite and an inner edge automorphic to carbonate. 
Other samples of the Blackcraig Mine dyke are strongly weathered. 
Only the per~eters of plagioclase laths are not altered to chlorite, 
~ . 
and fresh augite is rare. A phenocryst of the latter occurs in 
sample 1121. Amygdales and veinlets of carbonate and chlorite 
commonly occur. 
The presence of late-stage carbonate in appreciable volume in 
this dyke, together with evidence of the alteration of original !~on­
titanium oxides to leucoxene and the occurrence of small amounts of 
dolomite crystalloids in the rock powder of the type sample,suggests 
a certain degree of non-ferrous mineralisation of the dyke. 
Amygdaloidal and vein calcite may alternatively be treated as late-
stage products of the dyke-forming magma, in the same way as grains 
and veinlets of pyritef,c cormnon in the dyke. The lack ofa~idence of 
appreciable mineralisation of the dyke conflicts with the reported 
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relationships between vein and dyke in the'workings. Either the 
samples available from the dumps do not illustrate the complete range 
of petrographical variation of the dyke or the mineral vein does not 
come into contact with the dyke underground. It seems likely that 
the presence Qf the broad shatter belt in the mine resulted in a 
distribution of the mineralising solutions through a fairly wide zone 
rather than concentration at the edges of the dyke (in which case the 
solutions would have been expected to have altered the dyke very 
strongly). 
Chemistry of the Blackcraig Mine dyke. - The analysis of the type 
sample (see Table 13.1) is virtually identical with Tomkeieff's (1937, 
Table 1, Column 13) average Carboniferous-Permian olivine-basalt 
rock-type. Low Na2q and K20 in the analysis result in the presence 
of free quartz in the nor.m and a more calcic normalve plagioclase 
than identified in thin section. Modal carbonate (2.3 per cent in 
amygdales) corresponds with the nor.mative amount, although tne presence 
of dolomite in the rock has not been taken into account. Uncombined 
water in the analysis is high, presumably due to the large amount of 
chlorite and related alteration products in the rock. 
Age-relationships of the Blaekcraig Mine dyke. - The dyke cuts 
Silurian sediments, and on the. basis of reported underground occurrence 
is of pre-mineralisation age. Chemically, the dyke compares closely 
with lavas and associated intrusions of olivine-basalt type occurring 
in Scotland and of dmminantly early Carboniferous age (MacGregor 1937, 
53). The reported trend of the dyke is also similar to the general 
trend of Scottish Carboniferous olivine-basalt dykes. 
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Age of the Kircudbrightshire mineralisation. - Mineral veins at 
Blackcraig and elsewhere in the Newton Stewart district are of similar 
type excepting for the Vyrrhotite-niccolite depos~t of Talnotry 
(Gregory 1927) which is possibly a magmatic segregation deposit 
associated with a body of diorite. They may be referred to the 
general Hercynian period of non-ferrous epigenetic mineralisation in 
Britain (Dunham 1952, 422), although definite evidence of an upper 
age limit is not available. It is notable that Temple (1956, 108-109) 
has assumed that the vein-dyke relationship at Blackcraig indicates 
that mineralisation in South Scotland post-dates the Permo-Carboniferous 
dyke phase. Jones (1924), has emphasised ·a possible connection 
between the mineral veins of the Newton Stewart district with the 
nearby Cairnsmore of Fleet granite mass, but the work of Gardiner and 
Reynolds (1937) on the granite suggests that the latter is related to 
other plutonic rocks of Lower Old Red Sandstone age in s.w. Scotland. 
If the Blackcraig Mine dyke is accepted as Carboniferous in age, the 
link between the mineral veins and the Cairnsmore of Fleet granite 
cannot be supported. 
INVESTIGATIONS AT PAGIE HILL, LA.NARKSHIRE 
Occurrence. - The presence of a one-foot vein of barytes has been 
reported (MacGregor +944, 13) on the sides of an old quarry situated 
on Pagie Hill, lt miles S.30° ~of Douglas, Lanarkshire. The quarry 
has been made in a broad dyke of tholeiitic quartz-dolerite (Scottish 
Geological Sheet 23), a member of the Tertiary Mull Swarm crossing 
South and Central scotland (MacGregor and MacGregor 1948, 82) and 
Northern England (Holmes and Harwood 1929). The dyke intrudes 
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FIG. 1 3. L~.- The geological setting of Hild.erston Mine 
Lower Old Red Sandstone lavas on Pagie Hill, but no contacts are 
exposed (see fig. 13.3). Its trend is about N.60° W.,and its width 
30 feet. vertical cross joints and longitudinal joints hading steeply 
N.N.E. are developed in the dyke. Patches of deeply weathered rock 
included wit.hin characteristic fresh, jointed rock may represent 
pieces of lava taken up by the dolerite. 
Both the barytes exposures (see fig. 13.3) occur in lavas. The 
outcrop on the south side of the quarry is about one foot tram the 
extrapolated dyke contact. Lava richest in barytes runs in a band 
some 18 inches in width and parallel to the dyke contact which is 
separated from it by several inches of slightly mineralised lava, 
irregularlY jointed and very silecious. Barytes veinlets and rough 
jointing in the lavas run parallel to the strike of the dyke. The 
northern exposure is estimated to be about 5 feet short of the dyke 
contact. It is irregularWy-jointed and bladed barytes crystals occur 
in ribbons up to 2 inches in width within creamy, mineralised lava 
passing insensibly into grey-blue, less mineralised porphyritic lava 
over distances of a few inches. There are no exposures nearer the 
dyke, but it· is doubtful if a greater concentration of barytes 
existed there before quarrying operatiohs. 
Petrograph.y of the dyke. - A sample (1156) of the dyke was taken 6 
.feet from its N.N.E. side at a point 20 ~ards from the N.N.W. end of 
the quarry. It is abrown weathered, blue-grey aphanitic dolerite 
with same visible plagioclase. 
In thin section, plagioclase for.ms about 40 per cent of the rock, 
augite and intersertal chlorite each 20 per cent, and small amounts 
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of 9paque minerals and quartz are also present. The plagioclase, 
measured on Carlsbad-albite twins, is labradorite, An£0, sometimes 
zoned and the lath~ average 0.5 mm. in length (1.5 mm. at a maximum). 
Intergranular greenish-brown clinopyroxene makes grmns up to 0.8 mm. 
across. Xenomorphic quartz grains measure 0.1 - 0.5 mm. in diameter. 
They 'occur interstitially, immersed in a dark-green chloritic felt. 
Scarce opaque minerals are iron-titanium oxides. The large quantity 
of intersertal chlorite present may have altered from an original 
mesostasis, giving the rock a tholeiitic character. Two possible 
olivin~ pseudomorphs, each about 1 mm. across, were found in thin 
section. One consists of bowlingite and the other of brown chlorite 
with rounded edges suggesting magmatic corrosion (c.f. MacGregor and 
MacGregor 1948, 81). 
Age of the mineralisation. - It is possible that the barytes 
mineralisation at Pagie Hill took place after the intrusion of the 
Tertiary dyke. The barytes stringers occur close to the dyke and 
run in rough parallelism to the strike of the dyke. If mineralisation 
is of post-dyke age, the fluids must have left the dyke contacts by 
a distance of 1 to 5 feet. Assuming the hade of the dyke to be the 
the same as that of its longitudinal joints, greatest separation took 
place on the dyke footwall (the N.N.E. contact). Although the 
delicate barytes crystals of the deposit show no signs of thermal 
alteration by the dyke, definite post-vein dykes occurring in the Loch 
Sunart area have not affected the contents of the mineral veins they 
cross. On the other hand, a Tertiary olivine-dolerite dyke cutting a 
barytes vein at Muirshiels Mine, Renfrewshire (MacGregor 1944, 18) 
has altered the barytes. The absence of alteration in the Pagie 
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Hill deposit is not a satisfactory criterion of the age-relationships 
of the mineral vein and the dyke. 
Evidence to suggest that the site of intrusion of the dolerite 
coincided with that of a restricted pocket of already emplaced 
barytes is also unsatisfactory. The dyke is not mineralised and 
joint fillings are absent. The W.N.W. continuation of the Pagie Hill 
dyke passes through the mineralised district of Nutberry Hill and 
River Nethan where substantial galena-barytes veins have been mined, 
but barytes has not been recorded near the dyke (MacGregor 1944, 11). 
It is conceivable that the dyke on intrusion may have pierced a 
pocket ef "fossil'' hydrothermal waters rich in barium (c. f. Anderson 
1945; and in Dunham and Dines, 1945) remnant from the main period of 
non-ferrous epigenetic mineralisation in Britain (Dunham 1952, 395). 
After solidifeation of the dolerite, the fluids may have followed the 
dyke contacts upwards to the present position of the barytes 
exposurelil. 
INVESTIGATIONS AT HILDERSTON MINE, LmNLIT-JiiQQ.W.WO:b 
Occurrence. - Hilderston Mine is situated near the hamlet of 
Windywas at the S.E. corner of Cairnpapple Hill, 2 miles N.N.E. by 
road from Bathgate station, Li~ithgowshire, Wilson (1921, 61-62) 
and MacGregor (1944, 27) give descriptions of the mine and make 
reference to earlier writings. The latter contain the only 
information available of the underground workings. The principal 
vein is recorded as lying on an east-west "whinstone" dyke. The 
latter measured 16 feet vertically on the hanging wall of the vein. 
The vein was 6 feet wide opposite the whinstone which is reported 
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(Aitken 1894, 194) to have carried stringers of spar. 
The succession of Carboniferous rocks found in the neighbourhood 
of Hilderston Mine (adapted fram Scottish Geological Sheet 31 on 
fig. 13.4) consists of sediments dipping gently eastwards and 
interstratified at several horizons with basalt lavas. A north-south 
~rending quartz-dolerite on the west side of Hilderston Mine is marked 
by the Geological survey as an extension of a broad dyke or sill 
intruding basalt lavas on Cairnpapple Hill. The intrusion is assumed 
to be of Per.mo-Carboniferous age (MacGregor and MacGregor 1948, 71-75). 
It is eXposed in a strerun south of Windywas (sample 1155). 
A narrow north-south trending dyke, not marked on Sheet 31, cuts 
shales and limestones of the Lower Limestone Group in two places in a 
quarry south of the mine (see fig. 13.4)~ At the south end of t:t:e 
quarry, the dyke is a fresh, fine-grained dolerite (1153), 2 feet in 
width and trending N.5° w.~ The outcrop is only 8 feet long and 6 
feet high. Thin carbonate veinlets follow the exposed dyke foot wall 
which hades steeply to the east. The strike continuation of this 
dyke outcrops 80 yards north in the quarry wall as a seam of blue-grey 
dolerite (1154), 20 feet in height and 12-15 inches inwidth. The 
dyke is strongly mineralised and the two exposures demonstrate the 
rapid fall-off' of mineralisation south of Hilderston Mine. The dyke 
appears to have served as a conduit for the mineralising fluids which 
mainly follow an east-west direction at the mine. 
Fresh and mineralised samples of dolerite occur in abundanc~ on 
the mine dumps. They are taken to represent the whinstone intrusion 
underground which has for.med the principal structural control of 
mineralisation. Samples 1150, 1151 and 1152 were collected from the 
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dumps to represent three stages in the mineralisation of the dolerite. 
Petrography of the dolerite intrusion (1155) exposed west of Hilderston 
Mine. - The sanu>le was obtained from beneath a thick weathered 
carapace. . It is a fresh, dark aphanitic rock containing olivine 
pseudomorphs. 
In thin section, plagioclase forms about 50 percent by volume, 
augite 25 per cent, olivine pseudomorphs 15 per cent and opaque 
minerals and interstitial chlorite the remainder. The plagioclase 
measured on Carlsbad-albite twins is a calcic labradorite, An64• 
Laths average 0.3 mm. in length and in places have a sub-parallel 
disposition. Wedge-shaped areas of clinopyroxene and interstitial 
chlorite make a sub-ophitic texture. Much of the clinopyroxene is 
bypautamorphic-intergranular occurring as fawn-coloured grains and 
prisms 0.2 mm. in length. Olivine pseudomorphs vary from 0.2 - 2.0 
mm. in maxDmwn diruneter and consist of pale-green bowlingite. The 
opaque minerals are iron-titanium oxides. 
From the evidence of thin section, the dolerite exposed west of 
Hilderston Mine is a fresh, smallggrained, olivine-pbyric dolerite 
and cannot therefore be related to the Cairnpapple Hill quartz-
dolerite".J;Jlarked on Sheet 3l. 
Petrograph,y and mineralisation of the dolerite dyke (1153 1 1164) 
exposed south of Hilderston Mine. - The unaltered sample (1163) 
of the southerly outcrop of the dyke is a fresh, dark7 fine-grained 
dolerite. The pale blue-grey sample (1154) of the northern outcrop 
is a perfect replica, altered by mineralisation. 
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TABLE 13.2. - Mineral composition of' the mineralised dyke exposed 
south of' Hilderston Mine. 
Degree of' mineralisation 
Sample No. 
Fresh plagioclase 
Fresh clinopyroxene 
Iron-titanimn oxides 
Leucoxene 
Total chlorite 
Total carbonate 
Total clay minerals 
Amygdaloidal carbonate 
Amygdaloidal chlorite 
Plagioclase outlines 
Oxide grains 
Skeletal oxides 
Carbonate over plagioclase 
Clay minerals over ;plagioclase 
f'resh 
1153 
24.9 
33.0 
29.0 
11.7 
0.7 
o.7 
100.0 
14.3 
14.7 
strong 
1154 
24.5 
39.6 
30.3 
5.6 
100.0 
20.6 
19.5 
5.0 
15.0 
5. 6 
Modal analyses of' the two samples were made using a high-powered 
objective and about 1,000 points were carefully counted in each case. 
In the f'resh sample (1153), plagioclase (see f'ig. 13.5) occurs as 
slender laths averaging 0.2 mm. in the matbtx, grading to a length 
of' o.7 mm. to make small phenocrysts which are sometimes zoned. The 
composition of' an 0.4 mm. long phenocryst measured on Carlsbad-albite 
twins was f'ound to be labradorite, An66• Fawn-coloured augite grain~ 
sometimes zoned, reach 0.5 mm. across and are partly altered to green 
chlorite and opa~ue oxides. Most of' the iron-titanimn oxides are 
dendritic, f'orming a rectangular network over about one4hird of' the· 
area of' thin section. The dendrites sometimes penetrate ;plagioclase 
laths but are usually embedded in green chlorite which may have 
altered either f'rom clinopyroxene or a glassy mesostasis. Opaque 
oxide grains are also common throughout the rock. A veinlet of' 
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pyrite~ p~ obliterates an elongated pseudomorph of brown chlorite 
which may represent ormginal olivine (c.f. MacGregor and MacGregor 
1948, 72). An amrgdale measuring 1 mm. ~cross was found to contain 
quartz and plagioclase bordered by carbonate. Carbonate in other 
amygdales is concave towards pale-green, lobate serpentine and may 
have been introduced at either a late m~atic stage or during 
epigenetic mineralisation. 
The unaltered Oy'ke appears to be a fine-grained, microporphyritic 
dolerite rich in iron-titanium oxides and augite and sub-ophitio in 
texture. If' the chlorite present has altered from an original acidic 
mssostasis, the composition of' the sliced sample is closely comparable 
with that of tholeiite dykes of Permo-Carboniferous age described by. 
Walker (1930 and 1935) in central Scotland. 
All the constituent minerals of the unaltered dyke have been 
strongly altered during mineralisation (see Table 13.2) and sample 
1154 is composed entirely of secondary minerals. The clinopyroxene 
of the fresh sample is not recognisable in the mineralised rock. 
It is probably represented by vaguely-defined assemblages of brown, 
iron-stained chlorite and granular carbonate and may have passed 
through an intermediate stage of' alteration solely to chlorite. 
Plagioclase has been entirely _converted to clay. minerals and minute 
resorption crystalloids of' carbonate. The clay minerals appear to 
be cryptocrystalline and virtually isotropic. An intermediate stage 
in the mineralisation of the plagioclase of' this rock may have been 
nomplete alteration to clay minerals. Outlines of' the plagioclase 
laths arerecognisable (see fig. 13.6) and their size and arrangement 
is exactly the same is in the fresh rock. Leucoxene is the only 
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FIGS. I3.5-6.- Mineralisation of' the Hilderston Mine tholeiite 
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The unaltered dyke (II53) is a rine- grained plagioclase- microphyric tholeiite. Quartz 
occurs in the amygdales in addition to carbonate . The matrix of' the rock consists of' 
chloritised, rawn-doloured augite and labradorit~ _ laths embedded in green chlorite :# 
transected by grid-works of' non- reflecting iron°~~~e dendrites. II54 is a strongly 
mineralised replica of' II53. Outlines of' plagioclase laths altered to clay minerals and 
carbonate can be seen amongst carbonate crystalloids and iron-stained chlorite. All iron 
oxild:.es a re leucoxene and the proportion of -dendritic 03~d-~nas diminished. 
opaque oxide present. Dendrites are either less well developed than 
in sample 1153, or have partly disintegrated during mineralisation. 
Opaque grains are notably more common in the mineralised sample. 
Although precise optical and chemical studies of this case of 
mineralisation have not been made, the general petrographical features 
of the mineralisation process are similar to those of mineralised 
dolerites occurring in the Loch Sunart area. The minerals of the 
dyke may be arranged in the following series according to their 
relative susceptibility to mineralisation:- clinopyroxene, amygdalaiual 
chlorite, interstitial chlorite, plagioclase, skeletal iron-titanium 
oxides, and iron-titanium grains. 
Petrography and mineralisation of the dolerite samples (1150,1151,1152) 
from Hilderston Mine Dumps. - Only one type of dolerite was found on 
the mine dumps and it seems reasonable to conclude that it is 
representative of the whinstone dyke followed by the main Hilderston 
vein in the underground workings from which the dyke has been stoped. 
The presence of dump specimens veined by carbonate is significant with 
respect to Aitken's observation (op.cit. sup::;o:ey,~) that the whinstone 
carries stringers of spar in the workings. 
The fresh sample (1150)is a grey, medium-grained aphanitic 
dolerite. SEmple 1151 is paler in colour but plagioclase can be 
identified. Sample 1152 is a homogeneous, cream-coloured rock in 
which none of the original minerals can be seen. 
A small number of xenomorphic quartz grains occur embedded in a 
dark-green felt of chlorite in the fresh sample (1150). The acidic 
residuum of the present rock is identical in type with those of certain 
Linlithgowshire quartz-dolerites described by Falconer (1906,138). 
-~4-
TABLE 13.3. - Mineral composition o~ mineralised dolerite samples 
occurring on Hilderston Mine dumps. 
Degree o~ mineralisation ~resh medium strong 
sem;ple No. 1150 1151 ll52X 
' 
Quartz 2.4 6.8 8 
Plagioclase 29.8 38.0 7 
Clinopyroxene 20.5 ~25.0° e Orthopyroxene 6 
Iron-titanium oxides 6.6 10.0 5 
Leucoxene 4 
Chlorite 1~.6 30.7 15 
carbonate 10.2 28 
Clay minerals 20.1 :3.8 31 
Hornblende o.5 2 
Plagioclase composition, 
per cent An. 64 62 
Av.tength o~ 
plagioclase laths, nnn. 1.0 0.8 0.8 
Xmode partly estimated; 0 pyroxene pseudomorphed by chlorite. 
Labradorite laths attain dimensions o~ 3 x 2 mm. and are commonly 
weathered to clay minerals {see Table 13.3). Sub-ophitic plates o~ 
~awn-coloured clinopyroxene average 1 mm. across and sometimes show 
simple twinning. Pale-brown orthopyroxene is subsidiary in amount to 
clinopyroxene and about hal~ o~ every grain· is veined and fringed by 
~ibrous green chlorite (see ~ig. 13.7). The grains average 0.6 mm. 
across and in part sub-ophitic. The two pyroxenes are probably 
augite andnwpersthene (Walker 1935, 139-142). Iron-titanium oxides 
average 0.4 mm. in diameter and are sometimes skeletal in habit. 
At an early stage o~ mineralisation (1151), both pyroxenes are 
completely pseudomorphed by dark-green chlorite and a little carbonate. 
Minute dark areas in the chlorite may represent separate~ iron oxides 
or chlorite more rich in iron. Plagioclase laths and pyroxene 
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FIG. 13. 7 .- Mineralisation of the Hilderston Aine auartz -dolerit e 
lc 
ordinary 
lit;;h t. 
c~mera 
lucida. 
Fresh rock (1150) consists of labradorite (pl) , clinopyroxene (py), orthopyroxene (o-py) edged 
with chlorite, opaque iron (?- Ti)oxides ,.nt) and interstitial chlorite (ch) and quartz . Partial 
mineralisation (1151) has altered pyroxenes to chlorite and carbonate (cc) replaces some 
plagioclase. At a late stage (1152} plagioclase is converted to clay minerals and pyroxenes to 
a brown chlorite-carbonate admi xture. Grain edges of iron •X 1 ~re altered to leucoxene (lc) . 
pseudomorphs are a little smaller in average grain size than their 
equivalents in the ~resh sample (see ~ig. 13.7). The laths are 
relatively ~ree ~rom clay minerals.but cracks and cleavages are 
~ollowed by small amounts o~ carbonate and chlorite. Their 
composition is virtually the same as in the fresh sample (as measured 
on Carlsbad-albite twins) and their comparatively unaltered state may 
be due either to a smaller degree of sub-aerial weathering on the 
mine dumps or to re-crystallia'ation during the early stages of 
mineralisation, a feature o~ the mineralisation of certain basic 
dykes in the Loch Sunart area. Leucoxene has no) developed from 
original opaque oxides which are sometimes skeletal. Interstitial 
green chlorite has been partly replaced by blebs and flecks of 
carbonate and its intersertal character is no longer marked. Quartz 
grains are more numerous than in sample 1150 and attain a diameter o~ 
0.7 mm.. They are characteristically unaltered. Carbonate veinlets 
for.m 6 per cent of the rock by volume. 
The petrography of sample 1152 demonstrates the e~fects of strong 
mineralisation upon quartz-dolerite. Only quartz crystals remain 
unaltered. Plagioclase can sometimes be seen fresh but it has been 
largely converted to clay minerals which for.m a very fine-grained 
~ggregate together with resorption crystalloids of carbonate amongst 
patches o~ brown chlorite. The.latter may have originated from the 
disintegration of pyroxene pseudomorphs, the margins of which are ill-
defined except where outlined by small leucoxene grains (see ~ig. 13.7~ 
Carbonate has replaced much o~ the chlorite in the pyroxene 
pseudomorphs. 
the same way. 
Most of the interstitial chlorite has been altered in 
Secondary amphibole appears to have developed from 
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chlorite. opaque oxide grains are m~nally altered to leucoxene. 
Most of the carbonate of the rock has developed as a metasomatic 
alteration product of pre-existing minerals; narrow veinlets of 
carbonate for.m only abmut 2 per cent of the rock. 
The minerals of the Hilderston Mine quartz-dolerite may be 
arranged in the following series according to their relative 
susceptibility to mineralisation:- orthopyroxene and clinopyroxene, 
plagioclase, magnetite (or titaniferous magnetite), quartz. The 
appearance of hornblende in the strongly mineralised sample may be 
a result of the mineralisation process. 
The petrography of the fresh quartz-dolerite from the Hilderston 
Mine dumps is identical with the descriptions of Permo-Carboniferous 
quartz-dolerite dykes and sills occurring in Central Scotland (see 
Walker 1935 and contained references) and it is very probable that 
the whinstone exposed in situ in the mine workings is a member of the 
intrusions of this type. It is less probable that the dyke is 
connected with the Cairnpapple Hill intrusion although further 
sampling of the latter would be required before correlation could be 
refuted with certainty. 
Petrographical changes which have taken place during the 
mineralisation of the Hilderston Mine quartz-dolerite are closely 
comparable with those described for the Whin Sill quartz-dolerite of 
Northern Eagland (Dunham 1948, 103-107, with references to previous 
work). Detailed petrographical and chemical investigations of the 
Hilderston example would probably give results similar to those found 
for the Whin Sill. It is interesting to note that Goodchild (1898, 
202) attributed the origin of the domomite he found associated with 
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the Hilderston veins to the inriltration o~ magnesium-bearing 
solutions derived either ~rom the decomposition o~ the ferromagnesian 
silicates of the lavas or from the New Red Sandstone which is thought 
to have formerly covered the Carboni~erous rocks of this area. 
The results_o~ the present investigation suggest that metasomatic 
alteration of the whinstone dyke by the mineral vein at Hilderston 
has resulted in losses of magnesium and iron contained in the mafic 
minerals o~ the quartz-dolerite to the mineral vein and nearby country-
rocks' (c.f. theories on the origin of ankerite and chalybite deposits 
in the Northern Pennines, Dunham, 1948, 107). 
INVESTIGATIONS AT CALLOW HILL MINE, WEST SHROPSHIRE 
Occurrence. - Smith (1922, 22) states that a mineral vein follows 
the south side of a diabase dyke at a small mine on Callow Hill, 
two-thirds of a mile east of Minster}U, Shropshire. The upper adit 
of Callow Hill Mine has been driven along the dyke which at the adit 
mouth (the west end of the dyke) is said to be no~al and unaltered. 
The dyke is reported to become increasingly altered along the adit 
until at its eastern end, it is completely mineralised at the mineral 
vein contact. The adit mouth is now the only part of the workings 
accessible. It opens a few yards short of the southern ed~~ of 
recent quarries in the Mytton Grits (op.cit., fig.l). Samples taken 
across the dyke (1170-1173) in Table 13.4) fran south to north at the 
adit mouth are.progressively more mineralised suggesting that the vein 
follows the north wall of the dyke at this point. The precise age 
of the dyke and other intrusions in the district (see English and 
Welsh Geological Sheet 151) is unknown. 
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Petrograph.y and mineralisation of the Callow Hill Mine dyke. - The 
freshest sample from the south side of the dyke (1170) is grey 
weathered, small to medium-grained aphanitic dolerite consisting 
mainly of plagioclase and clinopyroxene. Samples 1171 to 1173 are 
progressiv~more pale in colour but even in the most heavily 
mineralised sample (1173), the doleritic texture can still be seen. 
Labradorite laths in the fresh sample (1170) range from 0.2 -
1.2 mm. in length (see fig. 13.8) without the development of 
phenocrysts and appear to be somewhat albitised (see Table 13.4). 
Associated is a small amount of carbonate, indicating slight 
mineralisation. Sub~ophitic plates of greenish-brown clinopyroxene 
average 0.8 mm. across (3 mm. at a maximum) and are partly altered 
to brown chlorite. A small number of possible olivine pseudomorphs 
in pale-green seppentine showing flamboyant structure are present. 
Intersertal serpentine of similar typeis distinguishable only on 
textural grounds. In both cases, the serpentine is partly altered 
to carbonate. Automorphic grains of iron-titanium oxides average 
0.3 mm. in diameter. 
Partial mineralisation of the ~Oa5l::low Hill Mine dyke is 
demonstrated by sample 1171. The average grain size of the sample 
is greater than that of the other samples and it is very probable that 
it represents the central part of the dyke. The pyroxene is 
completely pseudomorphed in brown chlorite in which tiny leucoxenes 
are embedded (see fig. 13.9). Alteration has been of uniform 
(probably metasomatic) type and the edges of the pyroxene plates are 
firm. Clay minerals altering from the plagioclase of sample 1170 are 
lacking in the present sample but cracks and cleavages in the laths are 
- 329 -
.,..,. ... 
FIG. 1,3.8 
Fresh dolerite - labradorite laths, 
sub-ophi tic augite Yli th il'On oxide 
grains and intersertal se~2entine. 
The rare olivine pseudomorphs in 
the rock are not included in this 
field of view. 
FIG. 1.3 .10 
Strongly mineralised dolerite -
chlorite pseudomorphs after augite 
part)# replaced by c3.T1Jonate and 
lab:radori te lax·gely converted to 
clay minerals. Src.all bastite-;~,-;n:e 
pseudomorphs, probe.bly after 
olivine, are present in rocks 
1172 anc1 117)o 
FIG. 13.9 
Partially miner2.liseC1 dolerite -
augite pseudomorphed in green 
chlorite, iron oxides r~~~ed 
by leucoxene. Average grain-size 
greater than in fresher, marginal 
dyke-rock. 
FIG. 13/.11 
Ver,y strongly mineralised 
dolerite - most of the plagio-
clase laths are replaced by clay 
minerals and carbonate which also 
fonns most of the aut;ite pseudo-
morphs. The h~'pautorilOrphic 
opaque oxides are largely 
converted to leucoxene. 
FIGS . I3 . 8-II.- Mineralisation of the Callow Hill Mine 
olivine-bearing dolerite 
TABLE 13.4. - Mineral composition o~ the Callow Hill Mine mineralised 
dyke. 
Degree o~ mineralisation very weak medium strong very strong 
1172X ll73x Sam;ple No. 1170 1171 
Quartz 0.9 ? ? 
Plagioclase 42.2 49.4 5 10 
Clinopyroxene 30.9 ~23.9~ ~2g~ (20) Olivine pseudomorphs ( 3.8) 3.3 
Iron-titanium oxides 6.9 3 2 2 
Leucoxene 4 8 8 
Bastite ... ... 5 
Chlorite 15.9 15 10 
Serpentine 18.3 14.1 20 20 
Clay minerals 
-
20 10 
Carbonate 1.7 12.7 5 40 
Plagioclase composition 
per cent An. 58-64 62 
Av.length o~ plagioclase 
laths, mm. o.8 1.0 0.6 0.8 
Av. diam.(max.) of 
olivine s , mm. 0.4 0.4 0.3 
Probable distance (ft.) 
from north side of dyke 11 8 5 2 
~ode estimated; bracketed minerals are pseudomorphed and tre 
alteration products are included elsewhere in the mode. 
occupied by carbonate and serpentine. Olivine pseudomorphs of 
similar type to those of sample 1170 occur, but the simultaneous 
presence of a few small quartz grains associated with altered 
micropegmatite is significant in a discussion of the chemical 
characteristics of this dyke. The perfect textural preservation 
of this partly mineralised sample is emphasised by the clearly 
defined sub-ophitic pyroxene pseudomorphs and interserta1 serpentine. 
Original opque oxides are r~ed by leucoxene. 
segregated from the mineralised clinopyroxene. 
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The latter has also 
The northern side or the Callow Hill Mine dyke is strongly 
mineralised. Most of the plagioclase of sample 1172 has been 
converted to clay minerals (see fig. 13.10) and carbonate, weathering 
having played a possible part in the alteration since there is a 
larger proportion (see fig. 13.11) of relic fresh plagioclase in 
the most northerly sample (1173). Sub-ophitic pyroxene pseudomorphs 
can still be seen, but their margins are less well-defined and 
carbonate has largely replaced chlorite in them. Leucoxene is more 
common, both as an alteration product of pyroxene and as a replacement 
or original opaque oxides. Remnants of origina~ magnetite-ilmenite 
occur centrally in the grains which grade off marginally to broad 
rims of leucoxene, pale-yellow under ::.'dtl.cad:tied light. A bastite-type 
of alteration product occurs in appreciable amount in sample 1172. 
It may have altered from original olivine but commonly occurs near to 
pyroRene pseudomorphs and shows a well developed prismatic cleavage 
suggesting that it may have replaced a small amount of original 
orthopyroxene in this sample. Intersertal materials of the fresh roCk 
appear in samples 1172 and 1173 as micaceous aggregates which are much 
less altered to carbonate than other minerals present and sometimes 
have an amygdaloidal form. Quartz does not appear in either of the 
strongly mineralised samples. 
The freshest specimen (1170) of the Callow Hill dyke is a small 
to medium-grained, sub-ophitic quartz-olivine-bearing dolerite, 
containing an appreciable altered mesostasis. The dyke is of 
demonstrably pre-mineralisation age and intrudes Ordovician sediments. 
The date of its intrusion may tentatively be assigned to the 
carboniferous o~ Permian by comparison with petrographically similar 
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dykes of this date occurring elsewhere in Britain. 
The minerals of the dyke may be arranged in the following order 
according to their susceptibility to mineralisation:- olivine 
pseudomorphs, clinopyroxene, plagioclase, intersertal serpentine, 
magnetite (or titaniferous magnetite), quartz. Mineralisation has 
mainly involved metasomatic alteration of the minerals present; there 
has been little or no injection of carbonate. Chemical changes are 
probably very similar to those found to have taken place during 
mineralisation of olivine-dolerite in the Loch Sunart area (see 
Chapter VII). Investigation of the Callow Hill dyke has suggested 
that a substantial mineral vein may follow the north side of the dyke 
at the mouth of the upper adit of Callow Hill Mine. The grade of 
mineralisation rises sharply at the north side. This contact of the 
dyke, at the exposure locality, has been selected by the mineralising 
fluids in preference to the south side, the position of the mineral 
vein reported by Smith (op.ci~). within the tunnel. Further stoping 
may therefore reveal mineral veins follow!i;rlg both walls of the dykes. 
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C HAP T E R XIV 
PETROGENESIS OF THE MINOR INTRUSIONS OF THE 
LOCH SUNART AREA 
PETROGENESIS OF DYKES OF PROBABLE DEVONIAN 
AGE 
The intrusion se~uence. - The dykes of this group exposed in the 
vicinity of Strontian include a small number of broad felsites and 
about half-a-dozen definite dykes of lamprophyre assignable to the 
minette, vogesite, spessartite and ke~santite classes. The single 
kensantite is the only rock type not proved to be of later age than 
the Strontian Caledonian Granitic Complex. Both the felsites and 
the lamprophyres are demonstrably of earlier age than Per-mo-
Carboniferous intrusions. Larqprophyres of s:!milBPtype in the Ben 
Nevis swarm are thought to ante-date felsite dykes, but both groups 
of intrusions have been assigned to the Caledonian period of igneous 
activity (Bailey and Maufe 1916, l41-143). 
Affinities of the dykes with the Strontian Granitic Complex. - Of 
the three lamprophyres of the present group intruaing the Strontian 
Granite, only one has a chilled edge. Another possible lamprophyre 
~ntrusion is marginally gradational with tonalite. Corroded 
xenoliths of granitic rock occur within the minette present in the 
Granite. nr. M.I. Munro (personal conmrunication) found only two 
of the many granite veins occurring in the northern part of the 
granite to be lamprophyr.ID in character. Both make composite veins 
with granitic rock and show sharp margins against porphyritic 
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granodiorite. The felsite dykes are very similar in composition to 
the granitic rocks of the Strontian Granite but cut the latter 
cleanly. 
Dykes of lamprophyre identical with the Loch Sunart types are 
present in the dyke swarms of a large number of the "Newer" 
Caledonian granitic complexes of Scotland. The Loch Sunart "early" 
lamprophyres therefore most probably represent a mihor phaseCof 
intrusion associated with the final stages of consolidation of the 
Caledonian magma which gave rise to the Strontian Granite. 
Rosenbusch found the link between lamprophyres of calc-alkaline type 
(minettes, :y:ogesites, kersantites and spessartites) and deep-seated 
bodies of granite and syenite so well developed that he invoked this 
genetical connection as a necessary criterion in the classification 
of such lamprophyres. However, Phillips (1956), in describing a 
group of spessartite dykes (containing brown hornblende as their 
most important mafic mineral) occurring in association with the 
Criffel-Dalbeattie Complex (of Caledonian type), has suggested that 
the dykes originated from a magma of basic composition. Since the 
Loch Sunart lamprophyres are of true calc-alkaline type (brovfll 
hornblende is absent from them), it is very doubtful if the latter 
hypothesis can be applied to their origin. 
The origin of the Loch Sunart felsites and lamprophyres of 
probable Devonian age could further be attributed to a resurgence of 
granitic magma on the site of the Strontian Granitic Complex, possibly 
in early Hercynian times, before intrusion of the Permo-CarbonifeDous 
basic dyke·s. There is however, no evidence which can be held in 
support of this hypothesis. 
- 334 -
PETROGENESIS OF MINOR INTRUSIONS OFPROBABLE PERMO-CARBONIFEROUS AGE 
The intrusion sequence .. - The westerly trending intrusions of the 
Loch Sunart area, of which more than 100 have been examined in thin 
section, fall into three major groups, quartz-dolerite, olivine-
dolerite and camptonite-monchiquite. No information has been 
obtained concerning the age-relationships of members of the first 
two groups but both are demonstrably of earlier age than dykes of 
the camptonite-monchiquite group. 
Ramsay (1955) found olivine-dolerite, camptonite and monchiquite 
within individual dykes of the w. Highland Permo-Carboniferous suite 
in the Monar area. This evidence points to the contemporaneity of 
intrusion of these petrological types which is contrary to the Loch 
Sunart findings., but may be held to indicate that the quartz-dolerites 
of the latter area are of earlier age than dykes ofthe olivine 
dolerite group. Further investigation of the field relationships 
of the Permo-Carboniferous dykes of the w. Highland region may 
reveal that the quartz-dolerites were intruded after the olivine-
dolerites.. certain indirect lines of evidence point to this in 
the Loch SlUlart area, whilst in Central Scotland, olivine-basalt 
intrusions are knovm to be of Lower Carboniferous age and dykes of 
quartz-dolerite, identical with the Loch Sunart examples, are 
assigned to a late Carboniferous or early Permian period of intrusion 
(MacGregor and MacGregor 1948). 
Petrographical and chemical affinities of the intrusive types. -
Dykes and bosses of quartz-dolerite are petrogr~hic~y distinct 
from other Permo-carboniferous intrllsions. The bosses appear to be 
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somewhat differentiatyd to finer-grained, pyroxene-enriched rock at 
their centres and acidic, probably late-magmatic, veinlets occur as 
joint fillings. The absence of veinlets from dylces of quartz-
dolerite may point to a separate period of intrusion for the latter. 
The tholeiitic selvages of the Central Scottish quartz-dolerite dykes 
are not found in the Loch Sunart examples. 
The petrographical types included in the olivine-dolerite group 
are normal dolerite, olivine-dolerite and hornblende-bearing olivine 
dolerite. All three types occur within individual dykes indicating 
that differentiation of the connnon parental olivine-basalt magma of 
these types took place, in part at least, within individual dyke 
fissures. The Loch Sunart normal dolerites, though in certain 
respects similar to the tholeiite dylces of Central Scotland, are 
genetically related to olivine-dolerite. The camptonite-monchiquite 
group may be subdivided into camptonitic dolerites, augite-canrptonitee, 
hornblende-camptonites, carqptonite dyk.es of variable type and augite-
monchiquites. strang petrographical affinities exist between the 
five types. Certain camptoni tic doleri tes are virtually identical 
with some hornblende-bearing oliviner;dolerites. Distinction between 
the two types is very arbitrary since it is based upon small 
differences in the volumetric content of brown hornblende. Never-
theless, the petrographical division adopted appears to be significant 
'Nhen applied to field occurrenceo Dykes of marked camptonitic 
affinities have not been found to contain rock consisting of 
hornblende-bearing olivine-dolerite and in one instance, they are 
demonstrably of later age than the quartz-dolerites. 
Although the average olivine contents of the normal dolerites 
and the olivin~-dolerites are very different (see Table 14.1), 
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olivine appears in small amounts in sane normal dolerites (see Table 
6.2), types interomediate to olivine-dolerites :poor in olivine (see 
Table 7.2). In certain broad dykes of olivine-dolerite, central 
:parts are considerably deficient in olivine ccrapared with chilled 
edges. In addition, the normal dolerites possess larger amounts of 
Clinopyroxene and illustrate retarded crystallization in parts o.f 
individual dyke~. The formation of small amounts of brown hornblende, 
:probably due to slight increases in alkalis in parts _of the olivine-
basalt magma, has given rise to hornblende-bearing olivine-dolerite. 
There is often a concomitant weak development of an ocellar habit. 
Certain dylces of this type are poor in olivine (see Table 8. 2) 
signifying a relationship with normal dolerite as close as that 
portrayed by olivine-dolerite. Nevertheless, they illustrate the 
first stage in the development of camptonite from magma which has also 
given rise to olivine-dolerite. A small-scale development of 
plagioclase and pyroxene-phyric types has taken place in all 
:petrographical divisions of the olivine-dolerite group. 
The genetic series displayed by the gradational :petrographical 
characteristics of dykes of the olivine-dolerite and camptonite-
monchiquite groups can best be expressed on the basis of variation in 
brown hornblende amongst the dykes. The average mineral compositions 
of the eight petrographical types included in the two groups are given 
in Table 14.1. Betvveen the two groups, the camptonitic dolerites 
represent a rock type which is thoroughly intermediate. These dykes 
are sanewhat finer-grained than dykes of the olivine-dolerite group 
and contain more brown hornblende and less plagioclase, probably 
somewhat more sodic in character. Small amounts of analcite and 
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TABLE 14.1. - Comparative data for Permo-Carboniferous types of 
intrusion. 
Petrographical A 
type. 
No.of intrusions 9 6 -40-
Total width(ft.) 2,360 34 -160-
Av.width(ft.) 262 5 -4-
Total area( sq.:rt.)3,450,000 50,000 -3JO,ooo-
Range in altitude 100- 100- -10-
of exposure(ft.) 2,0001,200 2,600 
Av.trend(deg.) N70W N65W -N71W 
+No.of modes 7 
Quartz 5 
Altered base 5 
orthoclase 
Plagioclase 53 
Clinmpyroxene 32 
Brown hornblende 
Olivine pseudo-
morphs tr. 
Biotite 
Opaque minerals 5 
crystalline 
analcite 
Per cent mafics 37 
Plagioclase,comp-
osition,per cent .An58 
Av.length of 
plagioclase laths, 
rom. 1.0 
Av.diam(max.) of 
olivine s , mm. 
8 19 25 
10 
38 42 43 
40 30 31 
tr. 2 
tr. 19 15 
12 9 9 
52 58 57 
64 64 62 
0.4 0.4 0.4 
0.8 1.0 
FeO+ Fe2o 3 
FeO+ Fe203+MgO 
0 73.5 n. d. 5l.4 56.3 
Y. VI VII VIII. B 
13 27 5 3 6 75 
34 101 28 2 7 18 300 
2t 4 5t 9 3 4 
40,ooo oo,oro 14,000 6,ooo 31JXJ 12o,ooo 
10- 10- 10- 20- 280- 10 -
. 1,500 1,000 1,600 620 900 1,000 
N71W N64W N78W W N70W N72W 
13 39 13 
6 4 
34 23 27 
33 31 21 
6 15 26 
16 13 9 
tr. tr. tr. 
10 9 9 
1 3 4 
65 68 65 
62 52 50 
0.2 0.3 0.3 
0.9 0.6 0.6 
7 9 
6 22 
3 
33 1 
18 42 
17 9 
10 12 
2 1 
9 10 
2 3 
56 74 
30 
0.5 
0.7 0.6 
n.d. n.d. 52.6 n.d.54.1 n.d. 
+modal analyses have been recalculated free of interstitial and 
ocellar chlorite and carbonate and amygdaloidal constituents; small 
numbers of modes made on intrusions outside of the mapped area are 
included in each petrographical type. · 
0 value calculated from Walker's (1935, Table IV, column 16) average 
Central Scottish Permo-carboniferous quartz•dolerite. 
A-quartz-dolerites (Chapter V); I - normal dolerites (C~apter VI); 
II - olivine-dolerites (Chapter VII); III - hornblende-bearing 
olivine-dolerites (Chapter VIII); IV - camptonitic dolerites 
(Chapter VIII); V - augite-camptonites (Chapter IX); VI - hornblend~ 
camptonites (Chapter IX); VII - camptonites of variable type 
(chapter IX); VIII - augite-monchiquites (Chapter IX); B - field 
data for westerly trending dykes which have not been sectioned. 
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biotite are restricted to ill-defined ocellar areas, together with 
the hornblende and same plagioclase. The clinopyroxene of the 
camptonitic dolerites is often porphyritic and appears to be 
titaniferous. 
The average augite-cam;ptonite (see Table 14.1) shows a greqt 
reduction in the plagioclase content and incre~ses in brown hornblende 
and analcite cbmpared with carnptonitic dolerites. Dykes of inter-
mediate character are plentiful. The composition of the plagioclase 
~the camptonites is considerably more sodic and the clinopyroxene 
usually titaniferous and frequently porphyritic. The camptonites 
are true lamprophyres with automorphic or hypautomorphic mafic 
minerals occurring in a feldspar base. An ocellar habit is 
co~nonly developed and the constituents of the ocelli, obviously of 
late stage formation, demonstrate the order of crystallization of the 
minerals of camptonites. I:Q. the dolerites, the plagioclase appears 
to have crystallized shortly after the clinopyroxene, giving rise to 
a sub-ophitic .or intergranular texture. The camptonites show that 
the brown hornQlende developed after most of the clinopyroxene had 
ccystallized, since the form(3r 'm!;Ultles the latter, and that much of 
,·.-
the clinopyroxene crystallized s~ltaneously with the olivine to 
form phenocrysts •. The average size of the olivines of the camptonites 
is appreciably smaller than in the dolerites. In the ocelli, small 
amounts of isotropic base denote affinities with the monchiquites. 
Formation of the plagioclase in these areas preceded that of the 
analcite and in turn, that of chlorite, apatite and fibrous zeolites, 
and carbonates. The acti~y of late-stage intra-magmatic fluids 
has been much more pronounced in the case of the camptonites. 
Nevertheless,the evidence of mineralised dolerites suggests that the 
bowlingite altering from the original olivine, forsterite in the 
cam:ptoni tes, is :possibly enriched in iron compared with the orl};ginal 
mineral. This feature may be a t:bributed to the effects of' late-
magmatic iron-enriched fluids. The zoning of' the clinopyroxenes of' 
certain camptonitic dolerites and camptonites from central diopsidic 
augite to marginal titanaugite indicates late stage effects of 
similar type. 
The hornblende content of the hornblende-camptoni te's is aj ~ 
max~ for the differentiation series. Compared with the augite-
camptonites, this increase has taken place, together with a lesser 
increase in the :proportion of plagioclase, largely at the expense of 
titanaugite and olivine.eamptonite of both types has been found in 
single dykes. The textural and mineralogical characteristics of tbe 
two types are identical. The heterogeneous group of lamprophyres, 
here called canwtonite dykes of variable- type, contain appreciable 
runounts of orthoclase and biotite, signifying the presence of' 
significant amounts of potassium-in the dyke~forming magma. The 
plagioclase of these dykes is more abundant and much more sodic than 
in other camptonites. Like the hornblende-camptonites, they may be 
regarded as minor differentiation products of the Jredominant augite-
camptonite rock type, displaced with respect to the main trend from 
the latter to augite~monchiquite. 
The monchiquites contain small proportions of' plagioclase and 
show an almost complete::!.y- petrographical transition into feldspar-
poor camptonites. Titanaugite is much increased at the expense of 
hornblende in the average monchiquite, and small amounts of hornblende 
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are also present. Compared with dykes of the olivine-dolerite grou~ 
the monchiquites contain nearly 20 pe_r cent more mafic minerals and 
their specific gravity is considerably higher (c.f. values given in 
Tables 7.4 and 9.11). The hornblende they contain is usually 
restricted (together with small amounts of biotite) to ocelli, in 
general less frequent than in the camptonites. 
The variation in the composition of the clinopyroxene(determined 
by optical methods) in the petrographical passage from olivine-
dolerite to camptonite and monchiquite is approximately as follows: 
Petrographical type 
Olivine-dolerite 
Hornblende-bearing) 
olivine-doler~te ) 
Hornblende-cam;ptonite 
Augite-monchiquite 
Hornblende 
;per cent 
. Clinopyroxene 
Ca M£ Fe Colour 
38 54 8 
3fl 50 12 
43 40 17 
41 40 19 
40 40 20 
favm 
brownish-green 
greenish-brown 
purplish-brown 
II II 
N. B. The a atomic ratios of the clinopyroxene of the hornblende-
camptonite, based on the 'chemical analysis of the separated 
mineral, are Ca Mg41Fe • The optically determined compositim 
of the clinopyr~~ene of1~he monchiquite is very approximate. 
The data given in the above talll.le suggest that enrichment of iron, 
aad possibly titanium, took place in clinopyroxenes during the 
development of camptonite from olivine-basalt. On the basis of the 
available chemical data for the several rock types this is less 
certain (see Table 14.1). Ramsay ~955, 305) has already pointed 
out the striking chemical affinities of the dolerite and lamprophyre 
members of the w. Highland Permo-carboniferous dyke swarm. The 
analysed fresh olivine-dolerite (see 189, Table 7.4) and hornblende-
bearing olivine-dolerite (see 330, Table S.~~_after recalculation free 
of calcite) are almost identical with Tempke~'s (1937, Table I, 
column 13) average Central Scottish Carboniferous olivine-basalt rock 
- 341 -
type. Magnesium and water are rather higher in the present e xarnples.,. 
Comparison of the chemistry of the two analysed dolerites, with that 
of the analysed hornblende-carnptonite (14 in Table 9.7-8) reveals 
a ~rther stri~ing similarity. The carnptonite contains rather less 
silicon and somewhat larger amounts of alkalis and titanium. The 
augite-monchiquite (825 in Table 9.11) shows a further decrease of 
silicon but is otherwise very similar to the camptonite. Differences 
between the Loch Sunart Pe~o-Carboniferous dykes of the olivine-
dolerite and camptonite-monchiquite groups are therefore largely 
mineralogical (c.f. Vincent 1953; Ramsay 1955). 
Derivation of the rock tMPes. - Assuming that the magmatic sources 
of all the Loch Sunart Pe~no-Carboniferous intrusions occurred at 
approximately the same depth, the area relationships of the several 
types are significant in a discussion of the relative volumes of magma 
intruded. Vincent (1953,43) has outlined a method whereby quartz-
dolerite and carnptonite may be derived fram a single parental magma 
of basaltic composition. The proportion of quartz-dolerite magma 
represented by the small number of-dykes and bosses of this type 
exposed in the vicinity of strontian is several times greater than 
the total amount of magma which has given rise to all the other 
intrusions (see Table 14.1). It is difficult to visualise the 
origin of olivine-dolerite and camptonite fram a magma, approximately 
80 per cent of which appears to have given rise to rock of q_uartz-
dolerite composition. In addition, petrographical relationships 
between the q_uartz-dolerites and other Permo-Carboniferous types are 
not developed and the field evidence points to a separate Feriod of 
intrusion for the q_uartz-dolerites. 
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It is therefore concluded that the quartz-doleri tes are not 
:products of the same magma as gave rise to dykes of the olivine-
dolerite and camptonite-monchiquite groups. The quartz~dolerites 
:probably originated from a tholeiitic basalt magma (Kennedy En~ 
Anderson 1938). 
Petrographical types of the olivine-dolerite and cam:ptonite-
monchiquite groups are very closely related, both mineralogically 
and chemically. In the composite Monar dykes (o:pocit.su:p.), 
differentiation of a comn1on :parental magma appears to have taken 
:place in individual dyke fissures, giving rise to composite dykes 
of olivine-dolerite, cam:ptonite and monchiquite. Equivalent 
:petrographical types in the Loch Sunart area occur in separate dykes, 
indicating that differentiation into these types was can:pleted 
bef'ore intrusion. In addition, intrusion of dykes of the olivine-
dolerite and cam:ptonite-monchiquite groups appears to have taken 
:place at distinct intervals. The volume of magma which has given 
rise to dykes of the first group is same three times greater than 
that from which dykes of the second group have originated, although 
a significant volUm.e of magma is represented by dykes assignable to 
either of the groups which have not been examined in thin section 
(B in Table 14.l)o 
The derivation of the several :petrographical types of the 
olivine-dolerite and cam:ptonite-monchiquite groups from a homogeneous 
' : . 
:parental magma may be explained on the basis of mechanisms of 
crystal sinking and alkali-enrichment in certain :parts of the magma 
before intrusion. The composition of the magma appears to have been 
allcaline olivine-basalt, possibly graded (c.f. MacGregor 1948, 144). 
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The actual chemical composition of the derived rock types show 
remarkably little yariation. A calculation of the composition of 
uhe parental magma on the basis of the relative volumes of the 
several rock types of known chemical composition present (c.f. 
Sabine 1953, 163-166) is open to many difficulties. It would 
pnobably show very little difference fram the chemical composition 
of the analysed fresh olivine-dolerite (189 in Table 7.4) with a 
slightly increased content of alkalis. The hornblende-camptonites, 
the camptonite dykes of variable type and the augite-monchiquites 
represent small fractions of the magma of specialised mineral 
compositions. 
If contemporaneity of intrusion of the olivine-do~rite and 
cam;ptonite-monchiquite groups of dykes in the w. Highlands is 
accepted, only two major episodes of magmatic intrusion are necessary 
to explain the sequence of Permo-Carboniferous minor intrusive 
activity in this area. Alternating periods of intrusion fram 
tholeiitic and olivine-basalt parent magmas have been involed in 
explaining the igneous history of Central scotland in Permo-
Carboniferous times· (M!lcQrsgQ!r 1948}~ · 
The conclusion that dykes of camptonite and monchiquite mve 
been derived from a basaltic magma is of considerable significance in 
a discussion of the classification of lamprophyres of these types in 
the light of the Rosenbusch inheritance concept. 
PETROGENESIS OF DYRES OF PROBABLE TERTIARY AGE 
The intrusion sequence. - The N.N.W. trending, post-mineralisation 
dykes 'of the Loch Sunart area fall into three distinct petrographical 
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groups, quartz-dolerite, normal dolerite and olivine-dolerite. A 
quartz-dolerite is cut by an olivine-dolerite but the normal 
doleri tes do not occur in contact with other Tei'tiary dykes. 
certain of the Mull tholeiites, i~ some ways stmilar to the present 
normal dolerites, cut dylces of olivine-basalt (Bailey 1924, 359) 
which may be likened to the present olivine-dolerites. 
Petrographical and chemical affinities of the intrusive types. - The 
normal dolerites bear no resemblance to the chilled edges of the 
broad quartz-dolerites and in addition, never grade into olivine-
dolerite. Dykes of strictly comparable type have not been recorded 
from the w. Scottish Tertiary volcanic centres. The petrographical 
and chemical characteristics of the normal dolerites are in several 
ways intermediate between those of the quartz-dolerites and the 
olivine-dolerites, but truly transitional types have not been found. 
Compared with the normal dolerites, the olivine-dolerites are 
considerably enriched in olivine and possess lower runounts of 
clinopyroxene and opaque minerals. The clinopyroxene of the olivine-
dolerites is relatively rich in iron and the plagioclase is more 
calcic; magnesium and calcium are present in higher proportions 
in dYkes of this type (see Table 12.3). If the normal dolerites 
and the olivine-dolerites are considered as products of the same 
magma, the latter certainlY represent the more basic fraction. 
Derivation of the rock-type_s. - The figures given in Table 14.2 
suggest that the volume of ma@aa of quartz-dolerite composition 
intruded in the Loch Sunart area was in considerable excess of that 
of olivine-dolerite, and to a much greater extent, that of normal 
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TABLE 14. 2. - Comparative data ~or post-mineralisation ~ykes. 
Petrographical type 
No. of intrusions 
Total width (ft.) 
Av. width (ft.) 
Total area (sq.ft.) 
Range in altitude 
of exposure (ft.) 
Av. trend (deg.) 
XNo. of modes 
Quartz 
Altered mesostasis 
Plagioclase 
Clinopyroxene 
Quartz-
dolerite 
6 
103 
17 
760,000 
150-
1,150. 
N24W 
5 
3 
3 
53 
28 
Olivine (and pseudomo11±s) 
Opaque minerals 13 
Per cent mafics 41 
Plagioclase composition, 
per cent An 56 
Av. length of 
plagioclase laths, mm. 0.8 
Clinopyroxen.e composition 
ta 42 Mg 41 
Fe 17 
Normal 
dolerite 
9 
40 
4~ 
70,000 
200~ 
2,450 
N23W 
10 
1 
45 
40 
2 
12 
54 
62 
0.3 
36 
54 
10 
Olivine 
dolerite 
7 
48 
7 
235,000 
10-
2,750 
N27W 
18 
45 
35 
14 
6 
55 
66 
0.4 
34 
49 
17 
~odal analyses have been recalculated free of interstitial chlorite 
and carbonate and amygdaloidal constituents; a number of modes 
have been made on olivine-deierites occurring outside the mapped area 
doleri te•. From east to wes·t in the area, the nwnber of north-south 
trending dykes increases considerably .and comparable petrographical 
types are represented among the numerous Tertiary dykes of Mull. 
There is little doubt that the Loch Sunart dykes are directly related 
to the Mull volcanic centre~ and that they represent successive 
injections o~ three distinct types of magma. 
Comparison with Permo-Carboniferous petrogenesis. - Dykes of quartz-
dolerite, normal dolerite and olivine-dolerite have been intruded 
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during periods of igneous activity dating both before (Permo-
Carboniferous) and after (Tertiary) the episode of lead-zinc 
mineralisation in the Loch Sunart area. Post-mineralisation 
camptonitic intrusions are absent from the area, but signs of the 
development of rock of this type have been reported ~ongst the Mull 
dykes (op.cit., 16) and compared with dykes of thew. Highland 
ca~tonite-monchiquite swarm. The latter are of pre-mineralisation 
age in the Loch Sunart area and appear to be derivatives of basic 
magma. A small-scale recurrence of the development of camptonite 
fram basic parental magma on Mull in Tertiary times is therefore 
suggested. 
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APPENDIX A 
TBERMAL ALTERATION OF COUNTRY-ROCKS BY INTRUSIVES OF 
PROBABLE PERMO-CARBONIFEROUS AGE 
THERMAL ALTERATION OF COUNTRY-ROCKS BY QUARTZ-DOLERITE BOSSES 
Occurrence. - Quartz-dolerite bosses around Loch Sunart have fused 
their country-rocks to variable distances at the few observable 
contact exposures (mainly in rocks of the Strontian Granite). The 
fusion of gneisses is better displayed by the quartz-dolerite dykes, 
although Gortenfern boss (see fig. 9.6) has brol..l-ght about a severe 
alteration of adjacent pelitic schists. The only Permo-Carboniferous 
quartz-dolerite dyke exposed in granite occurs near Longri~g boss. 
The two intrusives are of c~1warable size and have in both cases 
fused adjacent tonalite to distances of 5-10 feet i'rom their contacts. 
The Lochain Dubh nan Dubhan boss which has a fused tonalite rim of 
about 3 feet is much greater in width than the quartz-dolerite 
dykes of' Allt a' Bhuic, exposed at similar altitudes, which have 
more than 20 feet of altered granitic gneisses at their margins. 
Although the possibility of' original dif'ferences in thermal capacity 
between the two intrusive types is recognised, it is possible that 
the lower thermal conductivities of' granite compared with granite 
gneiss (values given by Birch, Schairer and Spicer 1942, Table 17.4) 
may also have had some ef'f'ect on the degree of alteration. 
On the basis of the f'ew quartz-dolerite contacts exposed, it 
would appear that the width of' alteration of' rocks of' the Strontian 
Granite decreases with increase in altitude of' exposure. ~atorran, 
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Longrigg and Lochain Dubh nan Dubhan bosses, of approx~ately the 
same size, :present such a series (see Table 5.1). The greater 
intensity of thermal alteration at altitudes nearer to sea-level 
suggests that the quartz-dolerite magma cooled fairly rapidly within 
the present range of elevation of exposure. It is likely that the 
bosses of the Loch Sunart area now outcrop at a height in the Earth's 
crust not far distant from their 1nagma source. The intensity of 
fusion :portrayed by the country-rocks of Drumnatorran boss.for 
example, makes it difficult to envisage the liberation of the large 
quantities of heat necessary by any means other than long continued 
flow of magma through the same opening~ The depth of erosion in this 
:part of the w. Highlands must be very great. Further general 
aspects of the thermal alteration process are discussed in relation 
to quartz-dolerite dykes. 
Petrography of the altered country-rocks. - A limited number of 
thin sections were cut frem fused contact rocl{s. The northern 
contact of Drumnatorran boss is well exposed (see fig. 5.3) on the 
lip of the ravine cut by Allt mo Nionag through the intrusion 
( 332.858). Marginal dolerite ( 420) is small-grained. Porphyritic 
granodiorite at the contact consists of large phenogrysts of white 
feldspar abundant in a dense, fine-grained, grey matriK• One foot 
to the north (423), large feldspars in thin section are set amongst 
laths of feldspar and numerous micro-graphic intergrowths together 
with completely granulitised relics of mafic minerals and crystalloids 
of carbonate. The latter consist of fretworks of secondary opaque 
minerals set in brown chlorite and clustered with an aggregate 
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prismatic form. Well-shaped feldspar laths embedded in micrographic 
intergrowths are probably a result of re-crystallization, though 
not necessarily from a molten state. The possible activity of 
fluids and metasomatic introductions must be allowed for. 11 Sieve 11 
texture is developed occasionally within feldspars. Much of the 
fine-grained plagioclase forming the closely-welded matrix is turbid 
or clouded in appearance. Phenocrysts and re-crystallized plagio-
clase are comparatively clear. MacGregor (1931, 536) has concluded 
from a study of clouded feldspars that such characteristics are 
consonant with the effects of thermal metamorphism. 
Ten feet from the contact, the phenocrysts of the granodiorite 
are smaller and more plentiful (426), probably a result of variation 
in original grain-size and composition. In thin section, they are 
orange-coloured and some are definitely plagioclase. Small-grained 
areas between the phenocrysts consist of albite-oligoclase laths, 
fringed in many cases by very fine-g;r>ained micrographic intergrowths, 
xenomorphic quartz grains with indefinite boundaries frayed out into 
micrographic intergrowths, small granulitised relics of mafic 
minerals and patches of carbonate. 
iron-titanium oxides are unaltered. 
Accessory minerals and original 
At a distance of 12 feet, 
the proportion of groundmass has somewhat diminished. 
Dark flinty veinlets appear at a distance of 15 feet from the 
contact. They measure up 1 em. across and are irregular in 
distribution ru1d continuation. In thin section (428), a typical 
example is seen to consist of a cryptocryst~ine aggregate of angular 
quartz and f!3ldspar grains arranged in bands of different grain-sizef·. 
zoned with respect to the veinlet boundaries. It has the appearance 
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of a narrow str.mger of mylonite or a veinlet of acidic glass. 
The abundance of veinlets of this type in thermally altered grano-
diorite 15-20 feet from the dolerite contact suggests that they are 
probably syntectic veins of q_uartzo-feldspathic magma which was 
actually generated by the melting of the granodiorite in this zone. 
Their absence from the i:n:n.ermost granodiorite is puzzling sines 
they probably represent the highest temperature products of fusion. 
The general appearance of the granodiorite transected by the veinlets 
is not unlike that of un~ltered rock. The groundmass is in 
proportion smaller and has an average grain size greater than in 
rocks nearer the contact. Mafic minerals are still granulitised 
and carbonate common·. however. 
Fresh biotite can be seen in hand specimens of granodiorite 20 
feet from the contact. Most of the quartz and feldspar grains are 
disg~~ and the dark veinlets only of sporadic occurrence. 
The eatern contact of Dnrumnatorranboss expos~d in Allt mo Nionag 
is marked by a much smaller degree of alteration. A large thin 
section across the contact (416) shows that the quartz-dolerite is 
small-grained and altered. pyroxenes are pseudomorphed in serpentine 
and carbonate. A few large feldspars present have obviously been 
derived from the granodiorite. Patches of quartz are frayed out 
marginally into micrographic intergrowths with plagioclase laths. 
An irregular pinl{ feldspathic veinlet up to ~ em. in width possibly 
represents the original point of contact of dolerite and granodiorite. 
Large feldspars are numerous in a closely-welded dolerite matrix 
of recrystallized plagioclase laths set ih pools of micrographic 
intergrowths between quartz grains. Some fresh biotite occurs at 
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the centres of large granulitised flalces. Within the granodiorite, 
about 2 inches from rock predominantly quartz-dolerite in composition~ 
micrographic intergrowths are common and carbonate abundant. The 
limit of thermally altered granodiorite can be set a distance of 
less than 5 feet fram the contact. 
One of the most easterly exposures of Drumnatorran boss in the 
crags south of Alltmo Nionag (332857) consists of fine-grained 
dolerite packed with xenoliths of fused quartz-rich rock, probably 
transfused porphyritic granodiorite. The xenoliths are sub-rounded 
to angular in shape and average 2 x 3 inches, varying up to 2 feet 
in length. The exposure is at the maxllrrwm elevation of Drumnatorran 
boss and is probably close to the unexposed S.E. contact from which 
the xenoliths wei'e presumably derived·. It is doubtf1.1l if the 
exposure represents the roof of the boss. 
A thin section across a xenolith-dolerite contact (431) shows 
that the dolerite is of modified composition. Plagiocla~e laths 
are of sodic composition, poorly twinned and average about 0.2 ram. 
in length. pyroxenes are pseudomorphed in serpentine and carbonate 
which is also dispersed throughout the dolerite. Opaque oxides 
a:P"pear unaltered and a little brown hornblende is also present. 
Micrographic intergrowths between frequent quartz grains and 
plagioclase laths are common. The grain-size of the rock is the 
lowest recorded for quartz-dolerite bosses and may be related to 
rapid Chi~ifng brought about by the falling of cold xenoliths of 
country-rock into the magn1a. The xenoliths themselves consist of 
rounded pockets of intricate fresh micrographic intergrowths with 
sinuous boundaries to original medium-sized grains of quartz, the 
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edges o~ which are ragged~ There is no groundmass to the large 
grains as occurs in the granodiorite at the northern contact of the 
boss. Contacts between chilled dolerite and quartz grains are 
indentate but discrete. No evidence of movement of the xenoliths 
through the original dolerite magma was fow1d. The abundance of 
the xenoliths would be expected to ha ve obscured any sign of "tails" 
of partly transfused material modifying the composition of the 
crystallizing dolerite. 
Although a detailed discussion of the thermal alteration of 
porphyritic granodiori t.e by Drumnatorran boss is impossible without 
much more petrographical and chemical data, certain broad conclusions 
can be reached and a comparison drawn with the thermal alteration 
of gneisses by quartz-dolerite dykes. In the 1atter instances (see 
below), melting of the gneisses to form veinlets which dissect the 
melted rocks themselves, and evidence of the alteration of xenoliths 
of country-rocks by the dolerite magrna were not found. In addition, 
the red pigment developed in the feldspars of fused gneisses is 
virtually absent from the feldspars in rocks adjacent to Drumnatorran 
boss. Granuli tization of the mafic minerals in the second case has 
not proceeded as far as dispension of the secondary products which:' 
has obviously taken place in the altered gneisses. The altered 
matrix of fused gneisses, ·possibly of eutectic composition is broadly 
comparable with the groundmass of altered granodiorite, but in the 
latter case, micrographic intergrowth is a more important feature. 
Further work on the Drumnatorran boss contacts might elucidate 
reasons for the differences in intensity of alteration of the 
granodiorite at the north and east contacts of the boss and also 
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for the restFrection of syntectic veining to a zone a few feet in 
width and sane distance away from the northern dolerite margin. 
The s.w. margin of the Lochain Dubh nan Dubhan boss is exposed 
against tonalite (363858) which shows a dark matrix to ragged white 
feldspars and is thoroughly welded to a distance of 3-5 feet from 
the contact. 
A sample of Moine Schist (1038) taken at the contact of 
Gortenrern boss shows the presence of about 30 per cent by volume 
of micrographic intergrowth. Mafic minerals are granulitised, 
feldspars heavily altered to clay minerals (which are not iron-staine~ 
and quartz grains, usually with sinuous edges, are sometimes frayed 
out into micropegmatite. A small amOLUlt of granular carbonate is 
present. The origin of the carbonate in fused country-rock at 
. . 
quartz-dolerite boss margins is probably in the main of later date 
than the thermal alteration process. The possible introduction 
of even trace amounts of carbon-dioxide enriched fluids into the 
country-rocks during the thermal alteration process could nevertheless 
be of great significance in a study of the heat transfer from the 
dolerite magma (c.f. Larsen 1929, 86). 
Comparisons. - The alteration of other types of country-rocks by 
dolerite plugs or bosses have been described by previous wv._o:trkars 
Brogger (1894) has stated that olivine-gabbro diabase bosses in the 
Christiania area of Norway have indurated intruded Silurian shales. 
A Tertiary olivine-dolerite plug in N.w. Mull has baked and 
<ll' 
granulitized intruded basalt lavas with local l1Ybridisation of the 
two rock types (Richey 1930, 362). In addition, the feldspars or 
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the lavas have re-crystallized and biotite has formed around the 
iron-titanium oxides. The scarcity of the latter in the intruded 
gneisses and granites of the Loch Sunart area probably accounts 
for the absence of secondary biotite from them. In addition, the 
Loch Sunart country-rocks appear to have suffered a much greater 
intensity of thermal metrunorphism. 
THERMAL ALTERATION OF COUNTRY-ROCKS BY QUARTZ-DOIERITE DYKES 
Occurrence. - The contacts of quartz-dolerite dykes of the 
Bellsgrove-Inversanda dyke system in the Loch Sunart area are exposed 
against gneisses at five points along the outcrop of the system. 
At the contacts, the gneisses are characteristically red in colour 
and homogeneous in appearance for distances of 20-30 feet from the 
margins of the dykes. Where the dykes are poorly exposed (e.g., in 
tne lower course of Allt a' Bhuic), reddened gneisses can be used 
to trace the course of the quartz-dolerite~ 
The extent of the thermal alteration of the gneisses immediately 
suggests that the thermal capacities of the quartz-dolerite dykes 
was very great at the present level of exposure. Variations in 
width of ·the dykes (30-390 feet) do not appear to have been very 
significant with respect to the degree of alteration. At first 
sight however, there would seem to be a connection between width 
of alteration of country-rocks, width of dyke and height of exposure. 
The first is almost a constant factor since the increase in dyke 
width with greater altitude implies that the broader dykes are more 
distant from the magma source and consequently of lower thermal 
capacity. Additional factors bearing on the degree of thermal 
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alteration or the g~eisses are variations in original composition 
and texture or the gneisses themselves, possible dirrerences between 
the amount or heat generated at root walls and hanging walls or the 
dykes and the dirrering errects or temperature and pressure at the 
varying levels or intrusion. 
A summary or the main characteristics at each or the rive 
localities where the QUartz-dolerite contacts are well exposed is 
given in Table 5.4. L~ited hybridization at the contacts appears 
to have taken place only at the more elevated exposures where the 
dykes (e.g., at locality 2) are not necessarily or greater width. 
Locality 3 occurs on the root wall or a quartz-dolerite dyke against 
psammitic gneiss. The remainder are sited on hanging walls in 
contact with composite granitic gneisses. 
TABLE A.l. - A summary or the main features of exposed contacts or 
quartz-dolerite dykes of the Bellsgrove-Inversanda dyke 
system. 
Locality 1 2 3 4 5 
Elevation 1,800 1,200 1,200 800 500 
Dyke width 390 30 30 35 35 
Type or gneiss gran. gran. psamm. gran. gran. 
Limit of alteration 
rrom dyke contact 35 25 25 25 30 
occurrence or 
hybrid rocks X X X 
Dyke margin north south • north -
(gran. - composite granitic gneiss; psamm. - psammitic gneiss). 
Petrography of the altered country-rocks. - The Coire na Creiche 
Quartz-dolerite dyke (Locality 1, Table 5.4) is exposed in contact 
with oligoclase-biotite-Quartz gneiss (Harry 1953, Plate XIV), a 
variety of composite granitic gneiss, at a point 400 yards s.w. of 
the summit or Sgurr nan Cnamh (393873). A skin or Quartz-dolerite 
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exposed at the contact is small-grai nep_, camp act and pale in colour, 
probably: due to the:Jpresence of unusual amounts of quartz and 
carbonate. The gneiss is thoroughly hybridised to a distance of 
2 feet from the contact. The nature of the actual contact is 
complex but the dyke appears to hade s.w.. Hybridised rock is 
reddish-brown in colour, small-grained and contains a few feldspar 
phenocrysts. Quartz grains are milky in appearance and mafic 
minerals are absent. The gneisses become progressively paler in 
colour away from the contact. At a distance of 10 feet, they are 
red and medium-grained with orange-coloured feldspars. Biotite is 
first recognisable 20 feet from the contact. At a distance of 30 
feet, the rocks are orange in colour, quartz grains are glassy and 
more comn1on and biotite forms irregular foliae. Unaltered gneisses 
35-40 feet from the dyke contact are coarse, banded rocks with about 
20 per cent of biotite and discre~e graDlS of quartz and white 
feldspar. 
The north side of the northernmost quartz-dolerite dyke 
occurring in the middle course of Allt a' Bhuic (see fig. 5.8) is 
exposed (Locality 2, Table 5.4) against comppsite.granitic gneisses 
of variable composition at the junction of Allt a' Bhuic with a 
right-bank tributary (376884). A hybridised zone, 2-3 feet in 
width, is developed and red xenocrysts of gneiss are present in the 
dyke-rmck. The hybrid rock in thin section (166) consists of large 
hematitised orthoclases, smaller oligoclase and quartz grains and 
granulitised relics of ferromagnesian minerals. Rims of micrographic 
intergrowth, up to 0.4 mm. in width, occur at quartz-feldspar grain 
boundaries. About 3 feet away, a little biotite can be recognised 
- 357 -
in the gneiss (165) and quartz-feldspar intergrowths are less common., 
Ten feet from the contact, the gneiss (167) is small-grained, 
feldspar and q~artz grains rounded and bands of altered biotite 
flakes and pseudomorphed hornblende prEms comnon. The gneisses 
preserve their welded appearance to abuut 20-25 feet frO@ the dyke 
contact. Irregularities in the original composition and grain-
size of the gneisses at this locality are held to account for the 
variable appearance of the gneisses between 10 and 25 feet from the 
dyke contacto 
The south side of the southernmost quartz-dolerite dyke of 
this district (Locality 3, Table 5.4) is also exposed in the crags 
on the south side of Allt a' Bhuic (375883). The petDography of 
the quartz-dolerite in contact with the altered gneisses has already 
been described ( 754) • The edge of the dyke is firm, though closely 
welded, against the gneisses ru~d hades a few degrees frmn the 
vertical to the s.s.w. (see fig. 5.11). The gneisses are almost 
glassy for a few millimetres away from the contact, but rapidly 
become small-grali~ed. They are dark-grey in colour and very rich 
in quartz. Flinty schlieren, possibly syntectic veinlets, are 
present in ~all-grained gneiss l foot from the contact. Two feet 
away, there are traces of original mineral banding. A 1-foot pelitic 
band in the gneisses 5 feet from the contact is dense, fine-grained 
and dark and contains a few large feldspars. The gneisses are 
medium-grained at a distance 10 feet south of the contact and pale-
grey in colour 5 feet further away. Nonnal coarse, weakly-banded 
psarnmitic gneiss appears at a distance of about 25 feet from the 
contact. 
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The northern contact of the single quartz-dolerite dyke 
followed by the lower course of Allt a' Bhuic (Locality 4, Table 
5.4) is exposed some 300 yards W.N.W. of the above locality. The 
quartz-dolerite is small-grained and firm agai. nst reddish-brmvn 
small-grained gneisses free of mafic minerals. The gneisses become 
paler in colour and more coarse away from the contact. Discrete 
quartz grains are unconm1on in the contact rock (164) and micrographic 
intergrowths are abundant. A hematitised aggregate of feldspar, 
micrographic intergrowth and granulitised shreds of mafic minerals 
forms a groundmass to the large quartz and feldspar grains. Ten 
feet from the contact, the gneisses are orange in colour, medium-
grained and contain a few mafic specks. At a distance of 15 feet, 
the gneisses are pink and coarse and possess recognisable biotite. 
Individual quartz and feldspar grains are more common. Although 
more distant exposures were not available, the limit of alteration 
is probably some 20-25 feet from the margin of the dyke. 
The north side of the quartz-dolerite dyke followed by Allt 
Ruighe Spardain is magnificently exposed in the lower course of the 
stream. Serial thin sections were made of the dyke and gneisses 
across the contact at its most upstream exposure, (363888). The 
contact is firm and undulose over 2-3 inches at this point, but 
limited hybridisation has taken place at downstream exposures. 
Patches of red gneiss, a few millimetres across, occur in the 
marginal dyke-rock. They are probably xenocrystic, although the 
possibility that they are of metasomatic origin cannot be overlooked. 
Red gneisses at the s~wled contact are homogeneous in appearance 
and consist largely of red-reflecting feldspar faces with segregations 
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of' milky quartz. In thin section (510), large f'eldspars are 
thoroughly altered to a reddish-brovfn alteration product, probably 
iron-stained clay minerals. Quartzes are lobate and reach 2 rnrn. 
across (average, about 0.8 nun.). A f'ine-grained aggregate, in 
places spherulitic in habit, is the third principal component of' 
the rock, f'orming a groundmass to the large quartz and f'eldspar· 
grains. Well shaped, hematitised f'eldspar laths and tiny quartz 
grains are ~uped closely together with shreds of' brownish chlorite 
and a limited amount of' micrographic intergrowth. A little 
unaltered f'eldspar is present in the groundmass 6 inches f'rom the 
contact (512).. At a distance of' 1 f'oot, the average grain-size 
of' the groundmass has increased to about 0.5 nun. (514). The large 
quartz grains are minutely crenulated against the hematiili.sed feldspar 
of' the grounfunass and they sometimes show an internal rim of' 
inclusions. They are seldom in contact with the large f'eldspars 
although they sometimes include pieces of' the latter. Adjacent 
quartz grains have ragged boundaries and are not optically continuous~ 
The relative proportion of' groundmass has diminished compared with 
samples nearer the contact and shreds of' weakly pleochroic maf'ic 
minerals are more common. 
Theschemically ana}ysed s&~ple of' f'used gneiss (516) was taken 
at a distance of' 2 f'eet from this dyke contact. The proportion of 
groundmass has f'urther diminished but has an average grain size of 
only o. 2 nun. It tends to be concentrated at the boLmdaries of 
large quartz grains (see fig. 5.14). A small amount of' little 
altered sphene is present and albite twinning is recognisable in 
some of' the groundmass f'eldspars. The centres of the large 
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feldspars are comparatively fresh, suggesting that alteration took 
place inwards from grain edges. The large feldspars appear to be 
segregated with respect to the large quartzes, in a manner suggestive 
of glomerogranular structure (c.f. Hawkes 1929, 168). 
Partly granulitised mafic minerals are more common' and more 
easily recognisable in gneiss (518) 4 feet from the dyke contact. 
The average grain-size of the groundmass is 0.4 mm •• Rock 10 feet 
from the contact is medium-graliled and shows fragmental bands of 
mafic minerals. The proportion of groundmass is further reduced 
at a distance of 15 feet (520) and large pieces of parlly granulitised 
biotite are distributed throughout the rock. The large feldspars 
are noticeably more altered in the vio.inity of large qp.artz grains 
with the development of narrow zones of strongly hematitised feldspar., 
0.1 - 0.2 mm. across. Twenty feet from the dyke contact, sphene, 
opaque minerals and granulitised biotite flakes are relatively 
plentiful in the gneiss (521). A few instances of "sieve" texture, 
tiny blebs of optically amtinuous quartz in medium-sized feldspars, 
were found in this sample. This texture and the crenulated margins 
to quartz grains found in roclcs nearer to the dyke contact may be 
due to metasomatic introductions rather than to corrosion or contact 
alteration (Reynolds 1936, 405). There is little doubt however, 
that metasomatic activity was instigated by intrusion of the quartz-
dolerite dyke into the gneisses with consequent thermal effects. 
Unfortunately the characteristics of the feldspars in gneisses 
nearer to the dyke are difficult to elucidate because of iron-staining 
The iron was probably made availa~ by the breakdown of the mafic 
minerals and iron-titanium oxides at the stage of thermal alteration. 
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Since the clay minerals are iron-stained, they presumably originated 
at much the same time and are not therefore a product of later sub-
aerial weathering. The formation of large quantities of clay 
minerals from the feldspars of the gneisses involves the availability 
of appreciable amounts of water. The tentative conclusion can be 
drawn that there was some circulation of water at the time of thermal 
alteration. 
The seive texture is more common in gneisses 25 feet from the 
dyke (391) in a series of gneiss exposures running north from the 
dyke at a point about 300 yards ups~am.from the contact described 
above. Feldspars are only a little hematitised and biotites 
relatively unaltered. The feldspar is of similar appearance 35 
feet from the contact (393) but biotite is brovvn and fresh. 
Cal-oi>ti'sed :_-wrnblende pseudomorphs can be seen for the first time. 
It is difficult to assess the relative importance of thefinal and 
mineralisation processes in the formation of carbonate from hornblende 
at this distance from the dyke contact. Both hornblende and biotite 
are unaltered same 45 feet from the dyke (395). Orthoclase is 
partly altered to grey clay minerals and oligoclase-albite laths 
are readily recognisable. 
Chemical changes during the alteration of the country-rocks. - The 
chemical analysis of fUsed gneiss sample 516, canpared with analyses 
of unaltered gneisses from the same district, is enriched in silicon 
and deficient in calcium and magnesium (see Table A.2). The latter 
elements were probably removed during granulitisation of the mafic 
minerals. Ferric iron notably exceeds ferrous iron in the analysis; 
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the appearance of haematite in the norm supplements the petrographical 
evidence. The presence of appreciable sodium in the rock, in 
addition to potassiura suggests either the separate occurrence of 
potash feldspar and albite-oligoclase or the presence of a mixed 
feldspar. The state of alteration of the feldspar in the contact 
rocks prevents its identification. In the fresh gneisses analysed 
by Harry (op.cit.), quartz, microcline and oligoclase each make about 
30 per cent by volume and the amount of biotite averages about 8 
per cent. The petrographical evidence suggests that same 20 per 
cent of the rock is formed by clay minerals. On this basis, at 
least 1 per cent of water should be present in the rock. Since 
only 0.5 per cent of water is present (see Table A.2), much less 
of the feldspar is actually altered than would appear to be the 
case in thin sectbn. 
Other elements form only trace amounts of the analysis. Their 
molecular proportions are too small for inclusion in the rock norm. 
The latter is probably in close approximation to the mineral 
composition of the rock which is difficult to assess modally because 
of the large grain-zize of many of the constituents, the suspected 
presence of glomerogranular texture and the undoubted bulk 
variations in the rock. Quartz exceeds feldspar by same 20 per 
cent in the nor.m and other constituents form less than 2 per cent 
0f. the who~e.,_ly:;_ Fe:;udspaD::..:tsiless tcommo.n than quartz among the large 
grains of the rock in thin section and some of the silica of the 
feldspar molecule has probably been released during alteration to 
clay minerals. The amount of quartz in the groundmass, taking 
these effects into consideration is therefore likely to be less 
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TABLE A· 2. - Chemical and related analyses of' fused gneiss, with 
some comparisons. 
CHEMICAL ANALYSES 
Si02 
Al203 
Fe203 
FeO 
MgO 
cao 
Na~o 
~o+ 
~o-
T 02 
P205 
MnO 
C02 
s 
Others 
Total(O f'or S 
accounted f'or) 
Sp.Gr. 
C.I.P.W. NORMS 
g_u 
or 
ab 
an 
c 
hy 
mt 
il 
hem 
PY 
516 
80.6 
13.7 
0.4 
o.1 
nil 
nil 
1.3 
4. 2 
0.3 
0.2 
0.1 
0~13 
0.02 
o.1 
0.08 
101.21 
2.57 
56.9 
24.9 
11.0 
... 
0.4 
0.4 
1!: B 
69.33 72.57 
14.62 13.04 
0.84 0.31 
3.47 2.84 
0.86 0.67 
2.62 1.36 
2.93 3.07 
4.34 4.97 
o. 39 0.26 
0.08 0.05 
0.4$ 0.62 
0.23 0.13 
tr. 0.04 
nful tr. 
0.14 
100.19 100.07 
26.76 29.82 
25.58 29.47 
24.63 26.20 
12.79 6.67 
0.41 
7.12 5.53 
1.16 1~22 
0.91 Oo46 
516 - fused composite granitic gneiss, 2 f'eet f'rom the north side 
of' the Allt Ruighe S~ardain quartz-dolerite, 50 yards down-
stream f'rom the track to the Fee Donalt Mines. 
A - co-arse-grained banded granitic gneiss 800 yards north-west 
o:r surrnnit 2492 f'eet, Sgur nah-ighinn (Harry 1953, Table II: 
anal.4). 
B - augen gneiss f'acies of' granitic gneiss described as 11 Injection 
rock of' Moine series (pegmatite-injected mica-schist) Strontian 
River, 200 yards dovvn-stream f'rom junction with Allt Feith 
Dhom.bnuilltl (Guppy and Sabine 1956, 45: anal. 763). 
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than the amount of feldspar. Any attempt to show that the quartz-
feldspar ratio in theggoundmass approximates to the eutectic 
canposition is however, complicated by the altered state of the rock. 
Although the chemical effects accompanying alteration of the 
gneisses have not been studied in detail, the process appears to 
have been mainly thermal in character. The irregular composition 
of unaltered gneisses, due to their banded structure and coarse 
I ' 
texture, and the pronounced .caikt·emoatit\m. of the con tact gneisses, and 
marginal dyke-rock, are features which attach series limitations to 
a detailed chemical study of the process. On the basis of the 
single analysis and the thin section evidence it is suggested that 
the al~ered rocks were enriched in silicon, and also possibly in 
alkalis. The quartz-dolerite dyke presurnably supplied these 
elements as it cooled. 
Quantitative treatment of the thermal alteration process. - This 
involves a large number of complex factors. Single dykes are 
exposed through a vertical interval of several hundreds of feet (see 
Table 5.2), demonstrating the initial intrusion of quartz-dolerite 
magma as a rising column of considerable height, the top of which 
may have solidified at a height in the Earth's crust several 
thousands of feet above the present level of exposure. The thermal 
alteration of the dyke country-rocks has therefore probably been 
brought about by heat transfer from a much greater volume of quartz-
dolerite than that now exposed at any given point. The level of 
exposure of the analogous Central Scottish quartz-dolerite dykes is 
presumably much more distant from the maf,rma source than in the 
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present instance, si nee country':"'r9cks have not been fused. 
The gradation of the mineralogical characteristics of the 
gneisses outwards from the quartz-dolerite dyke contacts is taken to 
represent the establishment of a therro.al gradient due to transfer of 
heat from the cooling magma to the relatively cold country-rocks. 
Within the dykes themselves, changes in mineral grain-size, though 
small, suggest that the dyke margins cooled first of alla A more 
marked zone. of dilling than now observed would normally be expected. 
Continuous intrusion of hot magma through the dyke fissures may have 
re-melted initial chilled edges. However, no evidence of such a 
process has been found. It is possible that the temperatures of 
the intruded country-rocks may have been high enough to prevent 
significru~t chilling. Temperatures and pressures prevailing at 
the depths of intrusion now exposed are difficult to ascertain. 
The gneisses may have been heated up by transfer of heat from the 
actual rnagma source before intrusion of the quartz-dolerites. 
Jaeger ( 1957, 312) has shovm that the amount of cover above an 
igneous sill does not affect its time of consolidation at depths 
below a distance of two to three times the thickness of the sill. 
The pressure of overlying rocks on the cooling magma of the almost 
vertical Loch Sunart quartz-dolerite dykes was probably quite small. 
The values of possible lateral pressures on the magma column are 
difficult to estimate. Some work on the effects of pressure on 
the thermal conductivities of rocks has been done by Bridgman (1924). 
Values have also been given for the effects of temperature upon the 
specific heats, densities, thermal conductivities and thermal 
expansions of rocks (sun@arised in Birch, Schairer and Spicer 1942). 
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However, estimates of the temperatures of the Loch Sunart gneisses 
before dolerite intrusion are, as in the case of pressure assessments, 
hazardous. The thermal conductivities of granite gneiss and diabase 
are not greatly different in the temperatures range O-l,000°C 
~(op.cit., Table 17.4). 
Despite the many inherent difficulties, same attempt can be made 
to deduce the melting range of the quartz-dolerite magma and the 
temperatures developed in the contact gneisses due to heat transfer 
from the dykes. The natural tholeiite-basalt (simila~n compositim 
to the present quartz-dolerites) -water system has recently been 
studied by Yoder and Tilley (in Abelson 1956, 169). The authors 
have demonstrated that the presence of water in the. tholeiite magma 
would result in crystallization as hornblendite or amphibolite and 
that a low or negligible water content is therefore necessary in the 
formation of crystalline tholeiite. At atmospheric pressure, the 
temperature of crystallization of the tholeiite is stated to be 
about l,loooc. This value compares closely wit~ reported 
temperatures of basic magmas in recent volcanoes (summarised in 
Larsen 1929). 
The mineralogical characteristics of the fused gneisses aid an 
assessment of the temperatures to which the gneisses were raised. 
Orthoclase-albite-quartz mixtures investigated by Tuttle and Bowen 
(in Adams 1952, 39) show only a moderate change in minimum 
crystallizing temperature dependent upon the amount of water present. 
A value of 720°C was obtained at 1,000 atmospheres vapour pressure 
of water. The pioneer work of Goranson (1932) illustr~ted that 
granites containing small amounts of water become molten at about 
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700°C at depths in the Earth's crust. Smythes' experiments (in 
Hawkes 1929) on the fusion of quartz and feldspar at temperatures of 
l,000-1,200°C yielded poor results. Hawkes suggested as·reasons 
for this the probable important role of fluids or vapours in natural 
mineralogical transformations and also that the pressure at the 
depths of fusion of naturally occurring rocks would result in a 
greater intimacy of grain boundaries, enabling fusion to take place 
more easily. He placeq the temperature of the quartz-feldspar 
corrosion phenomena in his Icelandic rocks at below 970°C. The 
effect of the presence of fluids upon the temperature of fusion of 
the Loch Sunart gneisses is difficult to judge. There is only a 
limited amom1t of water in the analysed fused gneiss (see Table 5.5), 
but a circulation of fluids may well have taken place. The 
remarkable proportions of carbonates in the contact rocks at first 
sight suggests that cabbon-dioxide may have acted as a flux during 
the fUsion process. Evidence has been adduced however, (see above) 
to show that th~:f-inhome of the large amounts of carbon-dioxide 
probably took place at a distinctly later period than the fusion 
of the gneisses. The gneisses are notably enriched in silicon at 
the dyke contacts (see Table 5.5) but additional chemical data for 
centres and margins of the quartz-dolerite intrusives are required 
for a discussion of possible metasomatic transfers which may have· 
affected the course of the mineralogical changes in the gneisses. 
It is possible that the groundmass of fused gneisses may be of 
eutectic composition although there is no direct supporting evidence. 
The orthoclase-albite-tr~dymite eutectic occurs at l,l50°C in a dry 
melt (Schairer and Bowen 1935). Tuttle and Bowen (op.cit.sup.). have 
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shown that this value is reduced to the region of 700°0 when 
appreciable quantities of water are present. Only «-quartz is 
present in thin sections of ~sed gneisses, although inversion 
from higher temperature forms may have taken place on cooling of 
the rocks. It being again impossible to ascertain the effects of 
water on the temperature of fusion, the latter may be tentatively 
placed at between 700°0 and 970°0 (Hawkes' upper value, op.cit.sup~. 
It is unlikely that the fused gneisses were molten at any stage of 
the thermal alteration, although a certain degree of plasticity is 
suggested by the sinuousity of many grain boundaries. Many of the 
mineralogical changes brought about in the gneisses on ~sion ~ay 
be more directly the result of metasomatic introductions and removalfii, 
facilitated by circulating fluids, rather than products of straight-
fo~Nard heat transfer from the cooling quartz-dolerite magma. The 
available experimental evidence nevertheless suggests that the 
gneisses must have reached a temperature of about 800°0 (± 200°¢) 
even if appreciable amounts of water were present and srnne metasomatic 
exchange of materials took place between the quartz-dolerite dykes 
and contiguous gneisses. 
Assuming the highest temperature reached by the contact gneisses 
to have been about 800°0 and the temperature of consolidation of tbe 
quartz-dolerite magma to have been about 1,100°0, the maximum 
_temperature of the· injected quartz-dolerite can be calculated using 
the solution of Jaeger (1957, 308, (8)): 
In the present case, Tc = 800°0 and T1 = 1,100°0, therefore erfl 
r 
= o. 3125 and t_ , a numerical parameter, has a value of 0. 2844 (Dale 
1903, 84). These three values of Tc, T1 and /. show close 
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correspondance in Table 1 of Jaeger (op.cit.) with a highest melting 
temperature of 1,400°0 at a latent heat (in calories per gram of 
liquid) of 100. It is therefore concluded that the highest 
temperature reached by the quartz-dolerite magma of the Loch Sunart 
0 dykes was in the region of 1,400 c. 
Comparisons. - Instances of the alteration of country-rocks by 
basic minor intrusives in the same way as is shown by the results of 
the ;present investigations have been described by several previous 
authors. Hjelmqvist (1939) mentions that same post-Silurian 
dolerites of Scania have altered their adjacent gneisses. The 
gneiss beccmes a deeper red, coarser and more granitic towards the_ 
dyke contacts. Anorthoclase is replaced by microcline and albite 
and becomes ~led by a deep red pigment. Albite disintegrates and 
grain margins appear corroded. These characteristics parallel 
those found in gneisses bordering the Loch Sunart Permo-Carboniferous 
quartz-dolerite dykes. According to Hjelmqvist however, the quartz 
content of the gneisses is reduced by the alteration process, 
contrary to the present findings. The groundmass of the fused 
gneisses of the Loch Sunart area bears close resemblance to that of 
a fused quartz-feldspar rock from Iceland described by Hawkes (1929). 
Certain features of the alteration of the mafic minerals are also 
comparable with those ~cribed by Flett (in Mem. Geol. Surv. 1911, 
93-95) for the mafites of gneisses in contact with certain Tertiary 
dolerite sheets on Colonsay. The activity of complex metasomatic 
processes which are held by Reynolds (1936) to have taken place 
between quartzite xenolitb;s and hornblendite magma on Colonsay 
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appears to be greatly reduced in the present cases. 
There is little evidence of rheomorphism of syntectic veining 
between the quartz-dolerite dykes and intruded gneisses of the Loch 
Sunart area (c.f. the effects produced by the Karroo dolerites, 
Walker and Poldervaart 1949). Hybrid rocks are of limited occurrence 
and restricted to the dyke contacts. Examples of xenoliths or 
xenocrys·ts are few in number and the volume of material involved 
always small. The exposed contact against psrurmitic gneiss shows, 
from observations on hand specimens, that the principal effect was 
one of recrystallization. Pegmatitic dolerite has not formed at 
the country-rock contact (c.f. Wager and Deer 1939, 330). 
THERMAL ALTERATION OF COUNTRY-ROCKS BY DYKES OF __ 'T.HE OLIVINE-
DOLERITE GROUP. 
Occurrence. - A slight reddening of the normally grey injected 
It samrni tic gneisses was noted on the walls of the olivine-dolerite 
dykes exposed across the north shou~aer of Gharbh Bheinn. Chilled 
edges are ne~ertheless developed by the dykes. The possible 
effects of thermal alteration are limited to a pigmentation of the 
feldspars. A similar reddening of same gneiss gorses between the 
same dolerite seams was also observed. 
Definite evidence of the alteration of porphyritic granodiorite 
was however, obtained in the case of a heavily cs.~--oi.:t.ieed dyke 
exposed in the middle course of Allt mo Nionag, notably not far 
distant from Drwnnatorran quartz-dolerite boss. 
Petrography of the altered country-rocks. - The freshest sample 
(442) from the centre of the dyke contains automorphic olivine 
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pseudomorphs in carbonate and plagioclase lath outlines are 
distinctive of an original doleritic texture. The dyke may be an 
olivine-dolerite or a hornblende-bearing type. A sample from its 
northern contact (440) shows in a large thin section that a l-inch 
hybrid zone occurs between the calcitised chilled edge of the dyke 
and country-rocks of slightly fused granodiorite. Cross-fiber 
Veinlets of serpentine run parallel to the contact, and on a small 
scale, divergent to it. In the hybrid zone of modified granodiorite, 
it is possible that they have replaced or occupied mylonite stringers 
or open shear planes along the dyke contact. The lamellae of the 
biotites are flexed, the feii9:spars very altered and the hornblendes 
calcitised in the granodiorite. In relatively unaltered porphyritic 
granodiorite a few inches from the dyke margin, same large quartz 
grains are lobate and traces of micropegmatite occur, suggesting 
mild thermal alteration of the granodiorite by the dyke. Mafic 
minerals are free of carbonate but somewhat granulitised. 
THERMAL ALTERATION OF COUNTRY-ROCKS BY CAMPTONITE DYKES 
Occurrence. - During the field investigation of the p~rallel 
group of camptonite dykes exposed in the lower course of Allt Feith 
'n A.mean (see fig. 9. 3), a marked reddening was observed in the 
intruded country-rocks of tonalite within a few inches of the 
contacts of some of the dykes. The location of the sliced samples 
of modified tonalite (669, 672-675, 678) taken are shown on fig. 
9.3.. The northern (h~ng wall) contact of the most important 
dyke of the group (677) is strongly hybridised. The tonalite at 
this point is dark and closely welded and penetrated by seams of 
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very rine-grained camptonite. At the southern contact or the same 
dyke and at the contacts or dyke 670, the tonalite is merely dense 
and red compared with rock a rew reet away rrom the edges or the 
dykes. Even at the hybridised margin, the dyke-rock is well chilled 
(676 in Table 9.2) compared with rock at the centres or the dykes. 
The intensity or the thermal alteration and concomitant hybridisation 
does not appear to have been very great (see also below) but similar 
evidence or the contact alteration or granitic rocks by camptonite 
dykes has not been recorded from any other area of W, Scotland. 
Tonalite on the rootwall or crunptonite 477 exposed less than 
t mile west or the above locality is fine-grained and glassy ror 
about 6 inches from the chilled edge or the dyke. A contact 
specimen (656) of dyke 119 outcropping on the west side of Coire an 
Iubhair shows that the injected psammitic gneiss is not indurated 
against the camptonite but large Quartz grains intrude into the 
hypocrystalline chilled edge of the dyke. Semi-pelitic schist in 
contact with a chilled edge or dyke 1067 is small-grained, compared 
with coarser schist a few inches rrom the margin or the dyke. 
The actual contact between the two rock types is firm and clear-cut 
but slightly undulating. 
petrography of the altered country-rocks. - At the hybridised 
contact of dyke 677 (see above), seams or crunptonite are intimately 
mingled with granitic rock and some plagioclase appears to have re-
crystallized in them ( 675). Tonalite a rew inches from the hybridisec 
material is heavily altered (674). Both the mafic minerals and the 
feldspars are veined by chlorite and spherulitic material which is mo~ 
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particularly comrnon at the grain boundaries of large quartzes and 
feldspars in the form of narrow Pims up to 0. 2 mm. in width. 
This material is taken to represent a micrographic intergrowth of 
quartz and feldspar which has developed as a consequence of the 
- . -
thermal alteration of the tonalite by the camptonite dyke. In 
addition, the mafic minerals are partially granuli tised. In 
srunple 673 from the same dyke contact, granulitised mafites and 
altered feldspars are brecciated in a powdered granite inatrix ( 673) 
suggesting that some movements took place alo~e the dyke after 
the thermal alterati-on of the tonalite. Related movements probably 
brought about the shearing and partial mi11;eralisation of the dykes 
obliquely to their strike in Allt Feith 'n knean (see fig. 9.3). 
The less altePed contact rocl{S of dyke 670 (:669 and 672) and 
at the northePn contact of dylw 677 (sample 678) illustrate the 
paPtial granulitisation of the mafites and the alteration of the 
feldspars to clay minerals, somewhat iron-stained, which pPobably 
accGunts for the Peddened appearance of the rocks in hand specimen. 
The temperature at which the micrographic intergrowth of sample 
6l'l4 originated was pPobably below 750°C since at higher tempera turef9, 
the brown hornblende which is abundant in the addaaent chilled 
edge of the camptonite (676) would have altered to green hornblende 
(Larsen 1929, 94). 
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APPENDIX B 
X RAY DATA 
Methods and presentation. - X ray powder data for several minerals 
described in previous pages are given in this section. Cameras of 
9 and 19 em. diameter, the former with a cut off at 10.86 ~' the 
latter at 8.88 ~' were used in conjunction with copper and iron 
filtered radiations. Powdered samples were mounted in glass 
capillaries. A visually estimated ~cale of absolute intensity (I) 
symbols was used to represent the intensity of each iliine on the 
X ray powder photographs. The symbols are as follows: 
vvs represents an intensity of 100 per cent, vs = 90, s = 80; 
ms = 70, m = 60, w.m = 50, w = 40, vw-w = 30, vw = 20, vvw = 10; 
b represents a broad and diffuse reflection; the three strongest 
lines on each film are superscripted l, 2 , 3 • 
"d" spacings in Angstrom units were obtained using the tables of 
Parrish and Irwin (1953) in which the Bragg (1947) values are used. 
fX2 reflections have not been separately indicated but where one 
corresponds with the ot1 reflection of an adjacent line the latter 
has been omitted. The data obtained has been compar®d with 
analogous data in the A.s.T.M. Index and other literature. 
The lattice constants (a0 ) of the separated cubic iron 
(?- titanium) oxides were calculated using the tables of Parrish, 
Eskstein and Irwin (1953) which contain the extrapolation functions 
of Nelson and Riley (1945) and the mineral lattice constants of 
Fravel (1942). In all cases where measurable, the lattice constants 
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of the investigated minerals lay between 8. 38 and 8.40, that is, 
between Co Fe2o4 and Ni Mn2o4 (8.38~ and Zn Fe204 and Fe Fe 2o4 
(8.40). It is probable that the magnetic grades of oxide separated 
are all iron o~ides, although the amounts of Co, Ni and Zn in the 
rocks containing them have not been chemically measured. Less 
magnetic grades of oxide which were not successfUlly separated may 
be mixed iron-titanium oxides. The presence of discrete ilmenite 
grains in the rocks concerned is not supported by the available 
evidence, from polished section observations. 
The minerals examined by X ray methods are presented in the 
following order: 
(i) clinopyroxene, dark mica and iron oxide separated from 
minette 458 (see Chapter III for chemical and optical data) 
and a sample of the sulphide deposit associated with 
minette 458; 
(ii) clinopyroxene, hornblende, bowlingite and two magnetic grades 
of iron oxides separated from camptonite 14 (see Chapter IX 
for chemical and optical data); 
(iii) iron oxide separated from quartz-dolerite 78 (see Chapter 
XII); 
(iv) the residue of harmotome (see Chapter XI) after differential 
thermal analysis. 
Note: Cubic mineral lattice co~stants are expressed in 
terms of Angstrom units (A) 
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Data for clinopyroxene, minette 458. - Camera 9 em diameter, CU-K~ 
radiation. 
d 
4.450 
4.260 
4.045 
3.855 
3.675 
3.470_ 
3. 340_ 
3.220 
2.995 
2.940 
2.725 
2.564 
2.516 
2.444 
2.389 
2.291 
2.204 
2.154 
I d 
vvw 2.129 
vvw 2.108 
vvw 2.037 
Vvw 2.019 
vvw 2.005 
vvw 1.969 
wm 1.830 
wm 1.805 
val 1.772 
w 1.751 
w 1.721 
wm 1.668 
s2 1.625 
vvw 1.560 
vvw 1.549 
w 1.528 
11'1/Ill,b 1.520 
vw 1.506 
I 
wrn 
vw 
vw-w 
vw 
vw-w 
vw 
vvw 
vvw 
vvw 
wrn 
vvw 
vw3b rns 
vvw 
vvw 
vw 
vw 
vw-w 
d 
1.485 
1.470 
1.459 
1.449 
1.436 
1.421 
1.408 
1.393 
1.374 
1.332 
1.320 
1,290 
1.281 
1.263 
1.246 
1.235 
1.229 
1.22§ 
I 
vw 
vvw 
vvw 
vvw 
vvw 
m 
w 
vw 
vw 
vw-w,b 
vw-w,b 
vw 
w 
w,b 
vw-w 
vvw 
VV1V 
vvw 
d 
1.212 
1.203 
1.172 
1.150 
1.086 
1.076 
1.071 
1.067 
1.054 
1.028 
1.015 
1.001 
0.986 
0.979 
0.963 
0.924 
0.915 
0.794 
0.787 
I 
vvw 
vvw 
vvw 
yw-w,b 
vvw 
VV!-W 
vw 
vvw 
vw 
vvw 
vvw 
vvw 
vw,b 
vw,b 
vw,b 
vw,b 
vw,b 
vw,b 
vw,b 
Data for dark mica, minette 458. - Camera 9 ern diameter, Fe-Kot 
radiation. 
d 
10.015 
4.600 
3.680 
I d 
rnw2 3.335 
V1V 3.230 
vw 3.~~6 
2.977 
I 
w,b 
vvw 
vw 
vw 
d I 
2. 902 V1Rf 'b 
2.625- m1 
2.439 w 
2.176 vw 
d 
2.006 
1.697 
1.677 
1.540 
I 
vvw,b 
vw 
~,b 
The same number of "d" spacings was obtained using cu-~oc.radiation, 
but background colouration (due to the high p~pportion of iron in 
the mineral) was very strong. Fairly close correspondance exists 
between the above data and the A.S.T.M. cards for biotite. The 
spacing d = 10.0 (± 0.1) is present on only two of the five cards, 
and that for 1.53 (± 0.01) is given on only one card. 
Th~li!e~;,;d.s c,;tqse: corresJ;wnG:an4le :n,~t;w~en: th~ ab.eve.,-O._~~etc:rma: the A~:-sir1~M • 
.. ~ ....... ·--, •. • ....... , ... -~·--··-·- .. -· -·-. ·-- ......_. ~-- ...... ·~--- ·-. • ----- --··· ··- • -- -· "':-~ .. ----~ •• L ....... ~,.- ..... b .. ___ .w ..... - .• --- - .,_ -:.t»r:r-··:_::~~i::~~~;_·:r~·-_- _; : ;.:":..-~~-- -~~--~-<- ·:.t .:-.- , ,.,_~-· ~---~·-_.-·-~ ·-·~:-': .. -.> '"'·.: 
cazr.ds foridiopsj,{!fe but none of the cards po~;~~-~ cth~ t~;~t; "hi~~·., _;,,~. 
angled reflections listed below, 
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Data for magnetic iron (?-titanium) oxidez minette 458. - Camera 9 em 
diameter, Fe-Koe, radiation. 
d I hkl d I hkl d I hkl 
4.800 V\V-W 111 2.090 m 400 1.263 vw : . ~ i~ ..... -· : ~r 
3.215 vw,b 1.707 wm 422 1.209 w 444 
2.946 ms 220 1.612 ms3 516,333 1.121 'v\v-w ,b 642 
2.777 vw 1.480 vs2 440 1.091 ms 731,553 
2.514 vvs1 311 1.324 vw 620 1.049 wm 800 
2.412 vvw 222 1.266 w 622 0.989 w 822,660 
ao = 8.395 C± o.oo5) 
The abov$ data correspond almost exactly to that given for magne t·i te 
(Basta 19511). The spacing d = 3.215 may either be a second order 
product of one of the ttac+dt~ent lines or a· r$flection from small 
amounts of sulphide impurity .. 
Data for a sample of the sulphide ~e;pos±t__~ssociated with minette ,45~-­
Camer~ 9 em diameter, CU~Kotradiation. 
d I d I d I d I 
3.400 vw-w 1.684 vw-w 1.361 vw 1.053 VV'vV, b 
2.670 ms2 1.667 vvw 1.210 vvw 1.033 vw,b 
2.394 w 1.588 w 1.204 vvw 1.013 vvw,b 
2.295 w 1.529 vvw 1.187 vw 1.006 VV'vV ,b 
1.903 w 1.511 vvw 1.156 w 0.990 w 
1.750 ms1 1.498 vvvv 1.091 vvm3 ,b 0.982 vw 
1.'708 VV'N 1.425 V\V 1.0'71 vw,b 
The above data are very similar to that given for mmrcasi te in the 
A.S.T.M. Index. The spacing d = 3.400 above is rather different 
from the corresponding spacing d = 3.44 on the A.S.T.M. cards. 
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Data for clinopyroxene, camp toni te 14. - Camera 9 em diarneter, 
Cu-KO.I(.radiation. 
d I 
3.215 w 
2.990 s1 
2.980 w 
2.885 w 
2.555 m2 
2.511 m3 
2.299 vw-w 
2.215 vw-w 
2.135 vw-w 
2.104 vw-w 
2.024 w 
1.971 vw 
1.855 vw 
d I 
1.834 vvw 
1.801 vvw 
1.770 vvw 
1.742 vw 
1.713 vvw 
1.693 vvw 
1. 667 vvv 
1.624 vvw 
1. 581 VV'..V 
lo 560 vvw 
1.542 vvw 
1.524 vw-w 
1.506 w 
d 
1.482 
1.457 
1.444 
1.420 
1.403 
1.390 
1.380 
1.366 
1.352 
1.328 
1.321 
1.304 
1.295 
I 
vvw 
vvw 
vvw 
vw-w 
w 
vvw 
vvw 
vvw 
VVV'l 
V\lV 'b 
vvw,b 
vvw 
V1V 
d 
1.278 
1.256 
1.245 
1.175 
1.154 
1 .. 089 
1.070 
1 .. 060 
1.046 
1.034 
1.016 
1.002 
0.981 
0.963 
·o.'958 
0.923 
I 
V\N 
vw 
vw 
vvw 
vvw 
vvw 
vw 
vw 
vw 
vvw 
vvw 
vvw 
vvw 
vvw 
vvw 
vvw 
The above data are similar to that listed for augite in the A.S.T.M. 
Index, but the seOJll.tl two most intense lines on card 2258 are not 
present among the spacings above. The optical characteristics of the 
A.S.T.M. augit;es are however, appreciably different from those of the 
clinopyroxene dealt with here. 
nata for hornblende 2 can~ toni te 14. - Camera 19 em diameter,. Cu-Ktf, 
radiation .. 
d I d I d I d I 
8.445 ms3 2.730 w Q 2.164 w 1.523 vw,b 
4.505 vw 2.775 ms/.J 2.043 vw-w 1.507 vvw,b 
3.385 wm 2.597 wm 2.019 vvw 1.460 vvw 
3.280 w 2.558 wm 1.870 vw 1.446 w 
3.130 msl 2.388 vvw 1.694 vvw,b 1.362 vvw 
2.995 vvvv 2.347 wm,b 1.652 vw-w 1.342 vvw 
2.940 wrn 2.302 w,b 1.614 vw 1.317 vw 
2.8JJ66 vw 2.224 vvw 1.588 vw-w,b 1.300 vvw 
1.550 vw,b 1. 282 vvw,b 
Minor differenries between the A.S.T.M. data for hornblende and that 
listed above may be attributed to probable differences in chemical 
composition. 
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Data for bowlingitez cam:etonite 14. - Camera 9 em diameter, Cu-K fX 
radiation. 
d I d I d I d I 
9.325 wm 3.235 mw 2.770 vvw !:¥898 vvw 
5.575 vw 3.135 wm 2.695 vvw 1 .. 869 vvw 
4.545 msl 3.015 w 2.627 ~· 1.743 vw 3.425 wm 2.910 vvw 2.556 m 1.530 m3 
3.390 vvw 2.825 vvw 2.499 w 1.317 vw 
A film taken with iron radiation showed the presence of more lines 
but their intensities were reduced by strong background colouration. 
The above data correspond with the A.S.T.M. data for saponite of 
which bowlingite is supposedly a fibrous form. Saponite is 
distinguished fram nontronite and montmorillonite by a 3.02 (f 0.01) 
spacing of medium to strong intensity. The relative intensity of 
the above 3. 015 spacing above is approximately medium to str•ong if 
the strongest line on the film is taken to have an intensity of 100. 
0 
The above 9.325 spacing may be a second-order reflection of an 18 A 
line oftan found in sappnites. For montmorillonoids in general, 
Brindley ( 1951, 101) states that the 11 (hk) band system is 
characteristic of the mineral and the (001) lines are characteristic 
of its condition11 but (page. 117) 11 No data of this sort are available 
f •t " or •••••• sapon~ e • By saturating wit~ glycerol it could probably 
be shown whether the bowlingite of camptonite 14 is a montmorillonoid 
or pyrop~llite or talc since the basalt lines of saponites are 
stabalised by saturation (c.f. Midgley and Gross 1956, 80-81). The 
process would probably .reveal some of the above spacings as 
reflections from the appreciable percentage of clinopyroxene impurity 
in the bowlingite powder. 
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Data f'or iron oxide adhering to ;poles of' magnetic separator, 
cam;ptonite 14. - Crunera 9 em diameter,Fe-KctradiatUn 
d I hkl d I hkl 
2.956 ml 220 1.710 vw-w 422 2.523 s 311 1.613 ms3 511,333 
2.094 w 400 1.480 ms2 440 
ao= s.39(z o.ol)l.277 w,b 622 
The above data tire vi.,rtually identical with the standard .::~.· 
magnetite (Basta 195$). Measurement of' a0 is only approximate 
because of the lack of data for high angle lines. 
Data for less magnetic iron oxide z cam;etoni te 14. - Camera 9 em 
diameter, Fe-~ radmation. 
d I hkl d I hkl 
2.956 ;:1. 220 1.609 wrn2 511,333 2.737 1.478 wm3 440 
2.089 V'vV 400 1.275 vvw,b 622 
1.709 vvw 422 1.091 vvw,b 731,553 
ao= 8.39(± Q.Ol) 
The strongest line on the film is a characteristic line of ilmenite. 
Other lines are closely s~ilar with those of the more magnetic iron 
(?-titanium) oxide ore. The present oxide fraction probably 
consists of both magnetite and ilmenite, the latter in small proportiab 
Measurement of a0 again can only be approximate. 
Data for ma~etic iron (?-titanium) oxide, quartz-dolerite 78. -
Camera 9 em diameter, Cu-Kot radiation. 
d I hkl d I hkl 
2 .960 wl 220 1.616 ms3 511,333 2.521 s 311 1.486 ms2 440 
2.097 w 400 1.283 vw 622 
1.7122 vw 422 1.097 vvw 731,553 
0.883 vvw doubtful reflection 
(? 931) 
The low spacings are masked by absorption with copper radiation. 
The data are identical with that given by Basta (195~) f'or magnetite 
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and also corr~spondSwith the data for the more magnetic iron oxide 
in crunPtonite 14. Measurement of a 0 yields an unsatisfactory result 
since the values of 'a' at the extrapolation constants of the high 
angle lines are erratic. 
Data for the differential thermal analysis residue of harmotome. -
Camera 9 em diameter, Cu-Kotradiation. 
d I d I d I d I 
4.580 vw 2.192 m2 1.764 vvw 1.400 vvw 
4.190 vw 2.172 vw 1.671 vvw 1.381 vvw 
3.775 wrn3 2.102 vw 1.628 vvw 1.341 vvw 
3.625 vvw 2.048 vw 1.560 vvw 1.283 vvw 
3.460 wm 1.991 vw 1.521 vvw 1.208 vvw 
3.265 vsl 1.950 vw 1.499 vw 1.166 vvw 
2.980 wm 1.911 vvw 1.467 vvw 1.14~ vvw,b 
2.787 w 1.846 vvw 1.436 VV\1V 
2.720 wm 1.791 w 1.411 vvw 
The data are completely different from published data for harmotome 
(Waterston, ;if 1953, 138; Bannister and Hey 1942, 224) but similar to 
the A.S.T.M. data for microcline. The spacing 3.265 represented 
by the strongest line on the film is in notable correspondance with 
the strongest line of microcline. Correspondance with the A.S.T.M. 
data for the barium feldspar celsian is very p~or. 
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APPENDIX C 
P.AL.AE(}Jl.AGNETIC AGE DETERMINATIONS 
Methods.- Same ~i~teen orientated samples, representing the full 
range of post-Caledonian granite intrusive activity, were collected 
from the Loch Sunart area. Specimens were taken fpan dyke centres 
and orientated by marking "in situ" true north directio]lS and top 
and bottom surfaces. The age detenninations were kindly made by 
Mr. D. w. Collinson and Dr. A. E. M. Nairn of the Department of 
Peysics, King's College, Newcastle-upon-Tyne where the specimens and 
actual results are now lodged. The angles of declination and dip of 
magnetic polarisation of cylindrical samples were measured on a simple 
astatic magnetometer and plotted on a Wulff etereographic net {for 
further details, see Collinson, Creer, lrVJing and Runcorn 1957). 
Results.- The stereogram of the magnetic age detenninations is 
reProduced as fig. 0.1. and an inte:rpretation {supplied by Dr. Nairn) 
of' the results is given in Table 0.1. together with same field notes. 
Each point on the stereogram is a single measurement and individual 
cores from the same specimen are linked together. Although a large 
number of' specimens would "need to be measured before conclusions of 
any degree of' certainty could be reached, the small number of 
deter-minations made suggest the age-relationships listed in Table 0.1. 
The measurements give confinnator.y evidence of the distinct age 
difference between pre- and post-mineralisation intrusions in the 
Loch Sunart area. Although there is insufficient com:parative 
palaeomagnetic data available _for Mesozoic rocks, both the nonnal 
dolerite and the quartz-dolerite groups of' post-mineralisation age 
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Table 0.1.- Palaeomagnetic age determinations on minor intrusions 
from the Loch aunart area 
Orientated 
sample no. 
Petrographical type Field-relationships PalaiiiiDl~netic 
age ( suge sted) 
(a) Post-mineralisation intrusions of demonstrably later age 
than pre-mineralisation intrusions 
327 
375 
78, 322' 
280 
330 
289 
374 
267 
348 
349 
366 
461 
458 
olivine-dolerite 
nomal dolerite 
quartz-dolerite 
later than post-
mineralisation 
quartz-dolerite 
Permian 
Tertiary 
Tertiary 
(b) Pre-mineralisation intrusions 
hor.nblende-eamptonite later than other pre- (no result) 
mineralisation 
intrusions 
hornblende-olivine- later than minette Upper 
dolerite Oarbonife rous 
hornblende-bearing ditto ditto 
olivine-dolerite 
ditto ditto ?Tertiary 
olivine-dolerite ditto ditto 
quartz-dolerite boss later than falsi tea ? Carboniferous 
acidic veinlet in ditto Pe:mlian 
quartz-dolerite boss 
quartz-dolerite dyke ditto ditto 
ditto ditto ditto 
augite-minette (no result) 
may be elasse4 as Tertiary. The result for the post-mineralisation 
olivine-dolerite (327) is inconsistent with a Tertiary age, but this 
dyke in the field is known to be of later age than the measured quartz-
dolerite. 
The pre-mineralisation dykes show a variety of palaeomagnetic 
ages. Unfortunately, neither of the lamprophyres yielded satisfactory 
results. Since there is little doubt in the field that the olivine-.· 
dolerites, hor.nblende-bearinl olivine-dolerites and hornblende-olivin~ 
dolerites are genetically connected and of the same age of intrusion, 
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tbe _g.uestionable 'Jertiaey ages found palaeomagnet!call.y _ :ror. twc-
B&Jilples sf tbem may be discarded and their general age of int.sion 
... 
taken as Upper Carboniferous. The results for 330 and 289 are 
comparable with Bel shes' unpublished measurements of rocks ranging 
in age from Derbyshire· toadstones to Middle Ceal Measures' ~s-andlstcmes. 
Although one of the quartz-dolerites of pre-mineralisation type 
appears to be Carboniferous in age, the oth.e'rs are mtii'e:..rprobably 
Penn!an. There is a suggestion therefore, that the age-relationships 
between quartz-dolerites and other pre-mineralisation dolerites, not 
forthcoming from field evidence, may be resolved on the basis of the 
above results into quartz-dolerite preceded by olivine-dolerite and 
related types. 
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APPENDIX D 
METHODS OF CHEMICAL ANALYSIS 
Introduet*on.- Most of the oxide detezminations inc~uded in the 
silicate rock analyses and mineral analyses presented in this thesis 
were made using the rapid methods described by Shapiro and Brannock 
(1952) with certain modifications advised by Dr. R. A. Chalmers. 
Methods advised by Dr. Chalmers were followed in the determination of 
CaO (Chalmers·jl954), total iron, FeO and MgO. Oustoma:ey techniques 
(Groves l95l).were employed for oxides not dealt with by Shapiro and 
Bramnock, and in the deter-mination of aulpbur. 
The following is a des:eription of unpublished methods and 
modifications made to the published techniques. 
Detennination of SiQ2.- A 5 ml. aliquot of Solution A (prepared by the 
Shapiro and Brannock method) was transferred directly to a 100 ml. fla~ 
··' 
the same pipette being used under the same conditions for both •ample 
and standard solutions. The reducing solution was found to decompose 
rapidly. About two hours of reduction was fo~d _necessary. Since tbe 
absorbance of the silica standard represents 100 per cent Si02 , the per 
cent Si02 in Solution A is given by: 
(absorbance Solution A ) 
absorbance silica standard X 
( 0.1000 
weight of sample) X 
( 0.1000 ) 
weight orstandaro x 
»e tennination of AlaQ3•- New procedures were followed in the calculation 
of corrections due to the presence of Fe and Ti. The Fe correction 
was obtained by multiplying the absorbance of Solution A at 600 m.mu. 
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b7 a standard factor of (Fe370 m.mu.= 113) 
Fe600 m.mu. 81 
The pre~senoe ot~::1 per cent Ti02 on an Al&03 detezmination was found to 
make 0.0033 difference to the absorbance value at 370 m.mu •• The Ti 
correction is therefore 0.0033x where x = per cent Ti02 (detemined from 
Solution B). Tbe per cent Al203 is given by: 
[<absorbance 570 m.mu. ) - (absorbance 600 m.mu. xl~~)-
(0.0033xper cent Tio2]x{absorbance Al2o3 standard 370 m.mu.)x 
( 0.1000 ) 
weight of sample 
Preparation of Solution ~- Several modifications were made to the 
Shapiro and Brannock method. o. 5000 g. sample was weighed out in a 
platinum crucible, 5 ml. of 1+1 H2so4 and 12 ml. of BF added and the 
crucible allowed to evaporate to strong fumes of so3 upon an electric 
bunsen. The cooled crucible was filled with distilled water and tbe 
residue dissolved. On occasions when the residue failed to dissolve, 
about t ml. concentrated HOI was added and the crucible re-heated. If 
it still remained, another i ml. of HOI was added to the solution in a 
platinum dish in the presence of excess distilled water and the contents 
of the dish allowed to simmer on a stean bath until solution was complete. 
The solution was then made up to 100 ml •• 
Determination of Na20 and KzQ.- In order to obtain f'ull scale 
deflection, the flame photometer is calibrated for 5 p.p.m. N.~O and 
10 p.p.m. K20• The calibration necessitates dilution of Solution B 
according to the amount of K20 and N~O in the rock or minera;t. By 
comparison with analyses of similar roCk or mineral types in stand~ 
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- ···.·T_,--::-: ...-, 
texts~ and a consideration o:f the modal proportions o:f minerals in thin 
sections of rocks, 1 t is possible to arrive approximately at the per 
cent Na2o and K20 present. Solution B' is then diluted accordimg to the 
following table.: 
per cent N~O or ~0 
7-12 
4-7 
2-4 
1-2 
i--1 
tO··~ 
aliquot Solution 
1 
1 
2 
5 
10 
25 
B (ml.) dilution volume (ml.) 
100 
50 
50 
50 
50 
50 
The appropriate aliquot was pipetted into a flask half-filled wtt th 
distilled water. Silica-free NH40H {stored in a plastic bottle) was 
added from a plaatic tube until a scrap of red li'lmus turned blue and 
1 ml. o:f freshly prepared NH4003 solution put in. The solution was then 
made up to volume and about lOml. withdrawn and centrifUged. 
A few ml. of supernatant liquid were poured off into a flame 
photometer cell and detennination made as directed under "t!Jise of' flame 
pho tome te r•. 
Detennination of CaO and MSO•- The micro-analytical procedure of 
ChaJmers (1954) was used in the dete:xmination of Ce.O and further 
directions of' ])r. Chalmers tollowed for total (CaO+;MgO). .Aliquots of 
Solution lB were transferred to 100 ml. beakers according to the following 
table: 
per cent ( OaO+rM'gO) 
30 . 
20 
10 
to 5 
aliquot of Solution B 
10 ' 
20 
25 
50 
The contents of each beaker were diluted to 50 ml. and the pB 
adjusted to 4~8-5.1 with 1:1 mi40lil and N, liCl, using a pllimeter. ·The 
electrodes were rinsed into the beaker and the contents transferred to 
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a 100 ml. flask and made up to volume. About 10 ml. were withdrawn and 
centrif'uged. 
In the deter.mination of OaO, a 1 ml. aliquot of the supernatant 
liquid was transferred to a special perspex cell and titrated 
spectrophotometrically as directed by Chalmers (1954). A subtraction 
of o.oo7 ml. was always made to tb6 end point value. The apectrophotomet•r 
was used in a special way. The transmission dial was set at zero optical 
density and the meter needle balanced with the eli t control. Another 
1 ml. of the supernatant liquid was transferred to the spectrophotometer 
cell for the total (OaO+MgO) detezmination. c-.'25 ml. of buffer solution 
(7 g.mr4oJ. dissolved in 60' ml. concentrated e 40lil and diluted to 100 ml.) 
and 5 drops of freshly prepared 0.1 per cent Soloehrome Black WDF.A in 
methanol were added, the solution made up to about 3 ml. and stirred 
thoroughly to mix the indicator. A spectrophotometrical titration was 
carried out as for the CaO detennination timd the corrected OaO reading 
subtracted from the titration value. The solutions were titrated against 
approximately o.o1 1 et~lene disnene di-sodium tetra-acetic acid. 
Detennination of ;ra_o5.- 5 ml. ali quo~ of Solution :B, P20;; standard and 
distilled water were taken and 2 ml. of P~o5 reagent added to each. ,~ 
_,_,·.:· 
P205 standard and reagent were both prepared according to the direcll.ens 
of Shapiro and Brannock. At leaat 30 minutes were allGwed for reaction. 
The per cent P205 is given by: 
{concentration of standart! X absorbance Solution Ja )x(l~O)x(lf)x 
absorbance -~05 standar4 _ 
])etenninat-ion of T102.- 5 ml. aliquots of Solution B,, Ti02 standard and 
distilled water were taken, and 5 ml. of Ti02 reagent addled to each. 
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Some 30 minutes were allowe4 for reaction.· Tlle IB r cent '.ri02 is gi-ven 
( concentration of standa:N x absorbance SCDlution l)'x(lOO)x(lOO)x absorbance 'fi02 standard · ~ ~ 
1 10-6 
<weight. of sample)x(-y) 
J)etemination of MtnO,.~- When concentrated Bel was: used in tl:le preparation 
of Solutio:n 18:, it was removed at this stage:.- Removal was ef:fected by 
adding l ml. concentrated H2so4 to the 5 ml. aliquot o~ Solution m in a 
beaker, and evaporating to fume.s of so3• After cooling, tbe contents of 
the beaker were diluted to about 10 ml., 0.1 g. of KI04 and i ·ml. Gf 
:&3P04 added and heated to just below LP. for 20 minutes. Tbe cooled 
solution was then made up to 25 ml~. The absorbance was detexmined. 
against distilled water and the per cent lbO found graP~ally :t'rom a 
plot of standard quanti ties under the same conditions. The per cent 
MnO is given by: 
(graphical value Solution lB)x(~)x(l~)x(¥)x(we·ight 0~ sampfe)x(~}6 
Where t:be weight of aample was 0.5000 g., the per cent is givel!l by: 
graphical value Solution B x lo-1 
Dete~ination of total Fe.- A silver reductor method assembled by D~. 
Chalmers was used by which all the Fe in the sample was detemined as 
Fe203• Silver was prepared aa directed lDy Walden, :Elamnett and Edmonds 
( 1934, 350) and! dried and si :fted through a sieve (lB. B. mesh 30}. A 
special dropping tube was blocked at the upper end by glass wool and 
filled w1 th N HCl. The silver was added in small proportions allowimg 
each to settle before adding the next. The depth of silver waS: more thaJ.l 
9 c.m when the col'WJUl had beflm filled to the top of the eapillaey, and the 
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rate of flow when the silver packed down approximated to 1 drop :per 8 
seconds w1 th the tap tu.med on full. Peroxides were removed before eaeh 
set of deteminations by adding a few drops of ferric ehloride and rinsing 
w1 th 1 BOl saturated with co2• Tbe li~id level was kept above tbe top 
of tbe silver. 
1 ml. of Solution B was transferred to the reduetor column, 2 drops 
of concentrated HOl added and the solution allowed to run through the 
reduetor column at tbe rate of 1 drop per 8 seconds. For each aliquot 
the reduetor was rinsed with 3 separate 0.5 ml. portions of 1 BCl 
saturated with 002 and the effluent collected in a 10 ml. beaker in an 
atmosphere of 002• 0.02 ml. of 0.001 M ~-pbenanthroline-ferrous complex 
was added as indicator and the ferrous iron titrated with 0.01381 1 eerie 
sulphate from a microburette. A magnetic stirrer gave a more accurate 
end-point ( pale pink to colouress transition). 1.5 ml. of 1 HOl was run 
through the reductor to determine the reduetor blank and the amount of 
eerie sulphate required to oxidise o. 02 ml. of indicator gave the 
indicator correction. The net eerie sulphate required to oxidise total 
iron is given by the actual iron titration+,blank ti~ration- 2(1ndieator 
correction). '!'he per cent total iron was obtaiaed knowing that 1 ml. 
o. 01381 N eerie sulphate ia e:qJlivalent to o. 7985 mg ferric oxide. 
The per cent,~e2o3 is given bY: 
per cent total iron - (per cent FeO x 10) 
9 
Since NO is equivalent to -£~203 , 71.85 is equivalent to 79.85 giving an 
approximate factor of lo.· 
. 9 
tennination of FeO.- A new solution waa made and titrated with eerie 
sulphate under special non-oxidising condi tiona. o. 2 g. sample was weighed 
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into a platinum crucible and 2-to 3 ml. 1+1 H2S04 and 5 to 8 ml. HF 
added. Tbe crucible was heated at 200°0 by placing it en an alum:;lnium 
limb and heating the distant end. Tbe mixture was allowed to stealll for 8 
minutes. A 400 ml. beaker was tillecl with air-free distilled water and! 
air-free saturated borax solution {both solutions were prepared anti 
cooled beforehand - tbe titration was carried out below 45°0 since the 
indicator decomposes above this temperature), in the propomation ef 4:1 
sufficient to ~erse the crucible. The nickel tongs used to transfer 
tbe c ruci b1e (ate aming) to the be alter were washed with air.-free 
distilled water and a stirring rod was operate~ te retain the crucible 
lid. o.o5 ml. of o.Gl !. ,2-Phenanthroline ferrous camplex was added en4 
the pale pink solution ti tratelll with 0.01 }! eerie sulphate. A reaervoir 
of concentrated solution was retained w1 thin tbe crucible and a back 
titration with an additional ali~ot of indicator carried out at the end 
point (Wlhen the solution turned colourless;). A preliminary rough ti trat-
ion was found to be ttme saving. An indicator correction was made using 
the same volume of indicator in water-borax solution. l ml. o.ol ! eerie 
sulphate is equivalent to 0.00359 g.· FeO. The per cent FeO is given by: 
[ml~ eerie sulphate {leas indicator' correction~ x (0.00359) x 
( 100 i 
weight of ssnpie) 
' . 
Detexmination of other o:xidi!es and· sulphur.- Usual gravimetric Dlthocis 
. {Groves 1951) were employed in the detennination of H26 (above 10500), 
· H20 (~elow 105~C)', ca,a,. l5a0 and total sulphur'~ 
t:Jse of s;peetrophotameter.- 'rhree of tbe spectrophotometer cells used 
· were stan.dardised against the fou.rth by filling them !3-ll w1 tll d!i;stlllad 
water and taking readings at the wavelengths used during analysis 
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operations. The folloWing table of absorbance valu.es 'V'Ias obtained: 
Wa'VIelength ~ 400 
-
~ 525 600 650 
Cell No, 
1 (standard}. 
2 -0.009 +0'~(:!)(91 -o~:oo5 -0~002 -o-.009 
3 +0.010 +0.000 o:,ol9 +0.009 +0.010 -0.008 
4 +0.002 +0;.'009 0.007 +0'~001 +0.005 -0,002 
Tbus at 370 m.mu., cell 2 has an optical density 0,009 leas tb&n 
cell 1; tbis value is added to the reading at 370 m.mu~.·, for any solution 
in cell 2. 
To detennine the optical density of any given solution, tbe standard 
cell {generally containing the solution blank) is placed in the light 
beam, the wavelength, filter plates and cell colour adjusted and the dlrrk 
current tumed to zero. At the check. position, the alit eon troll is made 
zero. This operation is repeated several times until both needles remain 
at zero. The solution is then moved into tbe light beam and in the test 
position, the slit control turned to zero using the transmission dial. 
A· quick retum from the test position to that of dark current is made ern d 
the absorbance noted, For a particular unknown, this operation is made 
several times until there is an accurate repetition ocr results. Non-
average readings may be discarded - partichlarly wbsn they aPPGilr at the 
same position in a eerie& of runs on two or three unknown solutions• 
· The remaining results for the unknown are ave raged and corre ctdd using 
the cell correction table (see above)• 
use of fl§Se photometer.- The following procedure was adoptedfbr te use 
of the 'flame photometer in the detemination of Na2() and K2o, 'fo 
operate the macbine, tbe galvanometer is first of all 'WlBcrewed and the 
mains and photameter awitched on. The gas (sup~ied f'rCJIIl a Calor Gas 
cylinder) is turned on and ignited with a taper. The air pressure is 
.. -: .~·-:'i:~·~".:J ·~z~ ·,'I ~: .• ·:! ~ :·_~·~ .Q 
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switched on and adjusted to 10 lbs. per square inch and the gas supply 
adjusted until the flame bur.ns with blue (non-luminous), sharply defined 
cones which do not 0 jmnpu irregularly from the burner grid. Tbe 
instrument is then allowed to wam up for 30 minutes. When switching 
off the flame photometer, the gas supply is diseonnectecd, the air 
pressure turned off (taking care to prevent an air pressure building up) 
followed 'by phetometer an.Gl mains. The galvanometer ia screwed up last 
ot: all. 
The instrument was fiNt of all stan4ardised w1 th distilled w.amer. 
In the detemination of IGaO, tbe potassium til ter was placed in position 
and the ~0 standard (the steck solution of Shapiro and Brannock diluted 
' 40 times - i.e., 5 ml. made "up to 200 ml.) introduced at the atomiaer. 
The sensitivity was adjusted until f'u.ll scale deflection was obtained. 
The process was repeated until the galvanometer remained constant to 
within 5 per cent. The sample potash solution was then placed at the 
atomiser and the def'lection read off directly. The sam.e procedure was 
used in the detenninatio:n of N~O having changed the filter p]a te. 
The accuragy and precision of rapid analzsis metbod.- The subject has 
been discussed in detail by Mercy (1956). In the silicate rock and 
mineral analyses presented in this thesis only P2o5, MnO, BaO sa S 
detenninations have been quoted to two decimal places. The remaining 
oxides are quoted to one decimal place (c. t. Chalmers and Page 1956). 
The ~oted results are probably correct to within the following limits 
of experimental error: Sio2 , Na2o and K20 to 0. 2 per cent; P2o5, MnO, 
BaO and S to 0.01 per cent; remaining oxides to o.l per cent. 
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